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SPEARS, AN AAW PERFORMANCE SIMULATION

1. INTRODUCTION

1.1 Background

This report is the documentation for a large-scale anti-air-warfare

computer simulation model jointly developed at the Naval Warfare Re-

search Center of Stanford Research Institute under the auspices of the
Office of Naval Research (Code 462), the Office of the Chief of Naval

Operations (NAVOP-962D1), and at the Radar Division of the Naval Re-

Laboratory under the auspices of the Naval Ship Systems Command (Code

03521). There are two variants of the model, both of which will be

described here. The versions of the model to which this documentation

applies were completed in June 1973 and are designated SPEARS(System

Performance Evaluation and Requirements Simulation).

1.2 Model Scope

The model is, to the greatest extent practicable, machine and in-

stallation independent. With the exception of two routines which use

masking operations to pack and unpack integer data, the entire model is

written in USA Standard FORTRAN*. The lengths of several packed lists
and alphanumeric arrays depend on the word length of the computer being

used; the procedure for properly dimensioning such lists is described in

Appendix D.

The model capability for handling defense units (ships and AEW

aircraft) and offense units (launch vehicles, standoff jammers, cruise

missiles, etc.) depends on the availability of core storage in the user

chosen computer. Appendix D describes the process of allocating core

storage.

* American National Standards Institute, Inc. USAS X3.9-1966.

Note: Manuscript submitted October 17, 1975.
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The model belongs to the class of one-sided, event sequence Monte
Carlo computer simulations. Enemy attack tactics are fully defined at
the outset of a game situation by inputs to the Raid Generator, and the
attack, thus specified, will be conducted during the play of the game.
Therefore in this model the enemy will press his attack without regard I
to the extent of encountered losses, and surviving impacting weapons
will remain assigned to ship targets as initially specified in the in-
put values.

The event store structure of the model is a technique in common use
for discrete simulations*. Significant types of "events," such as a
radar detection event or missile assignment event, are defined, and a I
play of the game consists of a sequence of occurrences of such events.
When the occurrence of an event is processed, it will cause the fol-
lowing sequence of actions to take place:

1. Evaluations peculiar to the event in question. For example
the assessment of effects of an enemy weapon's impact would occur in the
event DETONATE.

2. Changes in the lists that make up the data structure of the
model. For example the alteration of the availability status of ship- I
borne components would result from a FAIL event.

3. The generation of new events scheduled to be evaluated at a
later time. For example the creation of a detection event may result
from a radar scan event.

4. The removal of a previously scheduled event that has not yet I
been processed. For example the cancellation of a launch event would
occur within a damage event which puts that launcher unavailable.

Scheduling a future event involves placing the event into a time-
ordered game calendar. A calendar entry consists of the type of event
desired, the game time at which it is to occur, and two integer parama-
ters that identify the units to which the event is applicable (such as
a radar set number and the number of a target just detected by the radar).
After the occurence of a particular event has been fully processed, the
simulation control routine will select from the game calendar that event I
having the next time of occurence. This process will continue until the
end of the game play has been reached. In this model the end of game
time may be assigned by an input parameter, may be derived from the time I
of last offensive weapon impact time, or may be determined by the game
calendar becoming empty.

* G. Gordon, System Simulation, Prentice Hall, 1969.
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At the conclusion of a play of the game, or replication, a statis-
tical summary of significant event parameters is produced showing such
items as the number of shots fired and kills achieved by each missile
battery together with the average range of intercept, the number of
detections produced by each radar and the corresponding average detection
range, and the number of enemy weapon impacts suffered by each defense
unit together with the resulting damage to its shipborne components.

This model is, loosely speaking, a Monte Carlo simulation by virtue
of the random element used in generating several of the event types.
For instance a cruise missile (termed a parasite when it is still aboard
its launch vehicle or mother plane) may be launched within a specified
time interval according to a uniform probability distribution; thereafter,
the deviation of the actual speed of the cruise missile about a mean
value is determined by sampling a normal probability distribution, the
variance of which is specified on input; the aim point and impact point
(relative to the targeted ship's position) of the cruise missile are
determined from a bivariate normal probability distribution describing
the aiming and guidance accuracies of the enemy weapon system. Other
random phenomena include radar detections, missile-target intercepts,
and damage assessment of enemy impacts, each of which involves Bernoulli
trails with "success" or "failure" being determined by input or computed
probability values.

The outcome of a single play, or replication, of a Monte Carlo sim-
ulation model is determined by the sequence of random numbers obtained
from the random number generator. A second play of the same game situa-
tion with a different sequence of random numbers is likely to produce a
different outcome. The importance of such differences depends on the
purpose for which the analysis is being conducted. The number of repli-
cations required to achieve "sufficient" confidence in the measure of
effectiveness of interest can be established only after some experience
has been gained with applying the model to similar problems. To illus-
trate, the problem of determining the expected number of target kills
achieved by an entire task force against a particular raid would probably
require fewer replications than that of determining the expected number
of target kills achieved by one of the ships within the force (both to
the same confidence level).

The model itself is actually two separate computer programs. The
first of these, known as the Pregame Processor (PGP), accepts inputs
from punched cards and magnetic tape which completely describe a game
situation, including the characteristics and positions of all offense
and defense units. The PGP will, if desired, produce a listing of the
input data available to it and the resulting composition of the opposing
forces. With this listing an analyst may confirm that the situation
described is exactly what is intended or take corrective action by
revising the input card deck as appropriate. The PGP yields a game
description on a magnetic tape file that may be used any time thereafter
by the second portion of the model.

1-3



The second portion of the model, known as the Main Simulation

Processor (MSP), uses the tape file produced by the PGP to execute the

game as often as desired (as specified in the replication control input

values). The MSP includes the actual event-store simulation model and a

postreplication summary procedure. The type and extent of output listing

produced during the play of a game are determined by the values assigned I
to various input parameters at the beginning of the MSP execution. If

desired, the two portions of the model may be run back-to-back as a

single computer job; this might be done whenever there is sufficient

confidence that the input deck, or situation description, is error free.

1.3 Model Use |

There are numerous uses for the model. Task force runs may be made

to establish the relative effectiveness of the defense when changes are

introduced in ship configurations (alternative radars or weapon systems)

or in ship dispositions. Similarly the effects of changes in enemy

attack tactics (raid size, weapon types, flight profiles, jamming

levels, or target selection) may be assessed. On a smaller scale,

single-ship runs may be conducted to measure more directly the detection

or firepower capabilities of an individual unit as changes are made

within the ship configuration or in the raid composition. Single-ship
runs are often useful for gaining greater insight into observed or I
predicted differences in larger scale (task-force) runs.

The various simulation options available within the model permit

investigation of the sensitivity of a game outcome to such factors as

the level of detail to which the radar detection process is modeled or

the degree of sophistication employed in defining missile time-of-flight

characteristics. In certain instances it may be established that con-

siderable running time may be saved through the use of the simpler

algorithms at the expense of a negligible difference in the performance

measures of interest.

1.4 The TDHS Variant

A major variant of SPEARS incorporates a Track Data Handling System

(TDHS). This variant is at present not fully compatible with the main-

line evolution of SPEARS. Nevertheless we consider it of sufficient

importance to warrant documentation in this report. To distinguish I
clearly the TDHS description segments from those applicable to the rest

of SPEARS, the parts of the report that refer to TDHS are placed in

italics.

Many modifications were made to SPEARS in order to introduce de-

tailed treatment of the Track Data Handling System (TDHS). A previous

study* resulted in a description of the equipment and personnel which

* "AAW Track Data Handling System Description and Detector/Tracker Model-

ing Specifications" (U), SRI/NWRC Interim Report, Dec. 1971 (Confidential).
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constitute the TDHS, together with specifications for modeling the detec-
tor/tracker (DET/TRK) operator function. In addition to the DET/TRK
operator it has been found necessary to model many of the functions per-
formed by the Track Supervisor (TRK SUP) so as to place the DET/TRK ac-
tions in proper context.

The TDHS is basically the command-and-control network which processes
information available from the surveillance radars of a naval task force.
As it is implemented in the Naval Tactical Data System (NTDS), the TDHS is
a man-machine complex involving both data input functions (e.g., estab-
lishment and maintenance of target track histories) and data utilization
functions (e.g., assignment of defensive weapon systems). At this time
only the detection and tracking functions for a single ship (within the
context of a larger force*) have been implemented in the simulation model;
that is, the threat evaluation and weapon assignment (TEWA) functions
for the defense force are not operating presently.

Growth potential for the TDHS version of the simulation model would
be along two main directions: addition of the user functions (e.g., TEWA)
to the present semi-single-ship configuration of the model, and expansion
of the TDHS capabilities to all units within the force, including addition
of the intership communication system used for data exchange.

The capability afforded by the TDHS version of the simulation model
being described here is that for the first time in a large-scale AAW
model target positions are uncoupled from radar video-return positions,
which are in turn uncoupled from TDHS track-history data.

Until now the track updating function has been implicitly assumed
to be performed instantaneously and without error in AAW simulation
models. Differences between available large-scale AAW models have cen-
tered primarily on the algorithms used to determine the time (and in
turn the position) at which each target becomes detected; these range
from simple deterministic techniques to stochastic models in which single
look detection probabilities are computed from "observed" signal-to-noise
ratios. The SPEARS model incorporates several such algorithms from which
the user may select in preparing inputs for a particular run.

However, as in all such models, target-position information subse-
quent to occurrence of initial detection is made readily available to
potential users as long as the target remains in the coverage volume of
the detecting radar. Tracking errors are not explicitly introduced,
although small radar-measurement errors may sometimes be superimposed
onto actual target coordinates.

* Other ships in the force are included as part of the model input data
solely for the purpose of providing a multi-ship environment against
which enemy cruise missile targeting may be accomplished.
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In the TDHS version of the simulation model, it is possible to

observe and measure factors related to timeliness and accuracy of air
tracks and to witness the effects of system saturation as the number of
such tracks being maintained increases or as the countermeasures environ-
ment becomes more intense.

Numerous input parameters have been incorporated in this variant of

the simulation model to describe the TDHS detection and tracking func- 
tions. Also several event types have been added to the game structure,
and a summary table relating to TDHS performance has been added to the

postreplication output listing. |

1.5 Model Growth 5
SPEARS is available to users within the Navy community. The model

will no doubt continue to be changed and expanded as time passes and as

more experience is gained in applying the model to various analysis
problems. Modifications to the model will be reflected in revisions to
this document. Revised pages will be sent to any user who has requested
and obtained a copy of the model itself as outlined above. 3

The authors of this report are available on a limited basis for
consultation on problems related to compilation and execution of the

simulation model. In turn we would appreciate being advised of any I
problems encountered in transferring the model to a different machine
and of running times experienced under various situations. 3

Finally the authors of this report are interested in negotiating
with potential sponsors for the development of the model's growth po-
tentials and in some aspects of the conducting of analyses of naval AAW

systems or subsystems through application of the simulation model.
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2. OVERVIEW OF MODEL CONCEPTS AND ENTITIES

2.1 General

SPEARS is a detailed computer simulation of a defense oriented AAW
battle. In this model the defense consists of a task force composed of
stationary defense units such as ships and airborne early warning air-
craft. Standoff jammers, aircraft launch vehicles, cruise missiles, and
other airborne offense units form the enemy air attack. Defensive
action against an incoming raid consists of launching surface-to-air
missiles (SAMs) at establiched enemy tracks according to assessments of
the threat posed to the task force by the attackers. The consequences
of a defense strategy against a particular enemy assult may be observed
in terms of the expected cost of the battle to the task force, taking
into account the physical damage sustained by the defense units during
the engagement as well as the amount of ordnance expended.

The simulation has been structured as an event sequence model where
each significant occurrence or change in the progress of an AAW battle
is accomplished through the execution of an event. As examples, the es-
tablishment of an enemy track, the launch of a surface-to-air missile
against the track, and the interception of the track by the pursuing SAM
are represented by DETECT, LAUNCH, and INTERCEPT events respectively. A
run of the simulation, or play of the game, consists of a progression
through a time-ordered calendar of events, processing each event in
turn. The execution of an individual event may generate one or more
additional events to be inserted into the game calendar or cause cur-
rently scheduled events to be cancelled. An INTERCEPT event, for in-
stance, may generate a DIE event for the intercepted track. The DIE
event, in turn, clears the calendar of all pending assignments involving
the track, thereby removing any LAUNCH or INTERCEPT events associated
with the target. Game time at any point during the play is the time of
occurrence of the event currently being processed. When two or more
events are scheduled to occur at the same time, they are ordered into
the game calendar according to a specified event-priority schedule.

Many events involved in the simulation are stochastic. For example
the time of launch of an enemy air-to-surface missile (ASM) is consid-
ered a random variable with a uniform distribution over a specified time
interval. When a missile is launched, the deviation of its actual speed
about a mean value is determined by sampling a normal probability dis-
tribution with a prescribed variance. The outcome of each occurrence of
a stochastic event depends on the set of values obtained from a random-
number generator. In general an event-store simulation containing such
events is labeled Monte Carlo to reflect this dependence on random
sampling. Consequently a number of replications of the same game sit-
uation with different random-number sequences are necessary to obtain
statistically significant estimates.
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2.2 Enemy Platforms 3
2.2.1 Representation During Flight

Offensive unit motion within the simulation is described by a 3
piecewise linear flight path. The points along the path at which chang-

es in direction occur are called nodes, and a NODE event for the unit is
scheduled to coincide with its arrival at each of these points. Only

one NODE event for each active unit appears in the game calendar at any
time; the occurrence of a NODE event reschedules the next NODE event,
until the end of the flight path is reached. An important function of

the NODE event is to determine any times at which the offensive unit on
its current flight leg (current node to next node) will enter or leave

the weapon assignment range of each active defense unit within the task

force.

For nonimpacting targets the flight path may be described by up to
15 node points; the location of each such node and the speed of travel

between each pair of nodes constitutes a portion of the Raid Generator
inputs. Impacting targets, such as cruise missiles, may be assigned

flight paths having one, three, or four legs with the speeds, altitudes,
and climb/dive angles specified on input. The horizontal projection of
an impacting weapon's flight path is a straight line from the launch
position (defined relative to a reference node of the launch vehicle's

flight path) to the impact point (in the vicinity of the assigned de- I
fense unit). Any enemy vehicle may employ ECM in the form of broad band
barrage noise jamming on up to five radar frequency bands and on inter-
ship communications frequencies. Formations of enemy aircraft are

easily described by defining in detail the flight path for one aircraft
(the group leader) and specifying lateral, axial, and vertical displace-
ments for each unit in the formation.

2.2.2 Enemy Weapon Impact

When an in-flight ASM, which is targeted on a ship in the task
force, reaches its last NODE event (Fig. 2.2.2-1), an IMPACT event will

be generated. The primary output of this event is the point in space

where the ASM will detonate. This calculation is discussed in detail in
Ref.l. Briefly, what happens is:

* The actual aim point of the ASM on the ship will be determined 3
by perturbing the ASM from the intended aim point. This perturbation
depends upon the flight path of the ASM, the projection of the ship on

a plane normal to the ASM flight path, the reflection coefficient of the I
sea, and the reflection of the ship in the sea visible to the ASM (Fig.
2.2.2-2).

2-2
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NODE

TARGET SHIP
TERMINAL NODE

(Generation of Impact Event)

Fig. 2.2.2-1 - Profile of a missile flight path

* The projected intersection point of the ASM path with ship or

ocean surface, whichever the missile reaches first, is calculated by
adding a random error predicated on the ASM accuracy inputs.

* The prospective point of detonation is calculated by locating

what position the ASM will hold at a user chosen post or prior distance
from the missile intersection along the ASM path of motion.

* The event IMPACT or DUD is generated after a random number is

drawn against the probability of an ASM dud.

2-3



9--

0.
0
C.

0)
4-
C.

4)
C.)

0L)

.5.-

0~

a)

Ca0.

-a
E
L.

,.0
C

0.I.

C/)

2-4

-4

0)
.H

C4
t4
0

U

(C

r$4



2.3 Surveillance Radar

SPEARS provides to the user several alternative methods for calcu-
lating if and when an enemy intruder is detected. Each individual radar
in the defense has associated with it a user-chosen model option number.

All options have in common a sequence of events called SCAN's for
each surveillance radar. These events specify the moments when detec-
tion is attempted by an individual radar on an individual target. The
methods associated with the performance evaluation of a radar system
triggered by a SCAN event are defined below, along with a description of
the four current radar model options.

2.3.1 Radar Horizon

Using Fig. 2.3.1-1 to define a coordinate system, assume the observ-
ing radar is at (O,O,h). Then the target is below the horizon if and
only if

1/2 < max {(D/95.2)h 1/,0 o

where all quantities are in nautical miles.

2.3.2 Resolution Cells

Radar models options 3 and 4, to be defined in subsections 2.3.8
and 2.3.9, require the partitioning of targets into resolution cells.
The input parameters necessary to -describe this are

* D , minimum horizontal discrimination angle taken to be identi
cal with the horizontal one-way, 3-dB-power beamwidth;

* 0 , minimum vertical discimination angle taken to be identical
with the vertical one-way, 3-dB-power beamwidth;

* A , minimum range discrimination;

* y , mimimum closing speed discrimination.

The values of these parameters are used only if the radar involved
has the particular implied discrimination.

Let ¢ , where 4 6[0,27 ), be the horizontal angle of the target as
in Fig. 2.3.1-1 and define the apparent vertical angle above the horizon
of a target to be

e = arctan{ z/D - [ (D / /95.2) - (h/D) I/2]} e [
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z

(O,O,h) Radar
Position

h

LI -,.

I

(x,yz) TARGET POSITION

.I .. y

D = ,2 +y2

I

I

"I

h = ANTENNA HEIGHT

Jul = 1

Fig. 2.3.1-1 Definition of target coordinates

Assume that the radar is traveling with velocity VR and that the
target is traveling with velocity VT, consulting Fig. 2.3.1-1 for the
definition of u and R. Choose uniformly distributed angles c and 0
Define the resolution coordinates Q of a target as

F (¢-¢ )mod(0,27) (0-6 )mod(-TT) (V R)Q = t , ]{[ , ,, ,T- .,R
¢~~~~E Y 

where +AF is the largest integer not exceeding A.
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Assume that there are N targets above the radar horizon. A par-
ameter applying to a target when subscripted will refer to the target
with that subscript. Targets j and k are said to be in the same reso-
lution cell if and only if P = Qk Since . = kis an equivalence
relation between j and k, tha resolution cells form a partition of the
set of targets. Assume that the partition consists of M sets B B
..., BM. Then, if j e B and k 6 B , targets j and k are in resolution

M s s
cell s. Define 4* to be the horizontal angle to the center of the hori-
zontal sector defining Bs, and define e* to be the vertical angle to the
center of the vertical sector defining B. Define G as the set of all
target numbers that are jamming on the frequency of the radar. Figure
2.3.2-1 provides an example of these definitions where for simplicity
only $ and A are applied.

2.3.3 Radar Cross Section

The radar cross section of each target is computed as a function of
its aspect angle T with respect to the radar, where

V = arccos |_VT____( VT )
2.3.4 Signal Energy

The expected signal energy E from a target is proportional to the
4

mean cross section a of that target and inversely proportional to R
It is also proportional to the square of the one-way-power horizontal
and vertical gain functions of the radar evaluated at the direction in
which the radar is pointed. With C defined as the proportionality
constant,

E = CG2 GR-4
1 H V

2.3.5 Noise Energy

Define C2 to be the receiver ambient noise.

The expected noise energy N from a broadband gaussian noise jammer
is proportional to the rms noise energy J at the jammer, inversely pro-

2portional to R , and proportional to G and G evaluated at the dir-
ection in which the radar is pointed. HWith CV defined as the proportion-
ality constant,

N = C JGG R -23 H V
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2.3.6 Radar Model Option 1

At the time of the SCAN a target is declared detected by a radar if

* the target is within a specified maximum range of the radar,

* the target is within a specified horizontal angular sector
specified about the radar, and

* the target is above the radar horizon of the radar.

2.3.7 Radar Model Option 2

At the time of the SCAN a target is declared detected by a radar if

* the conditions of Option 1 are satisfied and

* the target is within a specified vertical angular sector speci-
fied about the radar.

2.3.8 Radar Model Option 3

At the time of the SCAN a target is declared detected by a radar if

* the conditions of Option 2 are satisfied and

* a Monte Carlo trial based on a calculated probability of detec-
tion P indicates a detection.

An outline of the calculation of the probability of detection PD
is as follows. For target k the signal energy for 2D radars is

E =C G(e )ueY ) -
k 1 V k k k

and for 3D radars is

E =Cc(T )R-4k 1 k k

The noise energy for 2D radars is

N = C2 +C3 (j E G) )i
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and for 3D radars is

Nk = C2 + C E (j E G) [J GH(k - j)G V(0 k-j

The signal-to-noise energy ratio is

P E IN~~~~~~~~~
k k/ k

Then the probability of detection PD is calculated as a function of Pk
the false alarm probability of the radar, and the number of pulses inte-
grated for a detection decision. This is done under the assumption of a
Marcum and Swerling type-3 target. I
2.3.9 Radar Model Option 4 3

At the time of the SCAN, a target is declared detected by a radar
if 3

* the conditions of Option 2 are satisfied and 3
* a Monte Carlo trial based on a calculated probability of detec-

tion PD indicates a detection.

An outline of the calculation of the probability of detection P is asDfollows. Option 4 differs from Option 3 in that the signal energy is
calculated for resolution cell s, summing over all targets in s rather
than a single target k. Similarly, the noise energy for Option 4 is I
calculated with reference to the center of resolution cell s, represen-
ted by (*, e0), rather than target position (¢k^ ) as in Option 3.

For resolution cell s the signal energy for 2D radars is

I
Es = C1 E (k C Bs) [GV(ek)a k)Rk

and for 3D radars is

E = C1 E (k E BS) [C2 (kTS)GV(Rkes)a(Wk) I
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The noise energy for 2D radars is

N =C + C (j i G) [JjGH(j 4s)GV jR]
5 2 3 

and for 3D radars is

N =C + C E (j e G) [JGH(4 .st )GV(e.- )R .
s 2 3 L.. H ) s j

The signal-to-noise energy ratio is:

* * *
p =E/IN
s S s

Then the probability of detection PD is calculated as a function of p

the false alarm probability of the radar, and the number of pulses inte-

grated for a detection decision. This is done under the assumption of a

Marcum and Swerling type-3 target.
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2.4 Characterization of a Defensive Weapon System

The specification of the battle scenario used to initiate the sim-
ulation includes a characterization of each defensive and offensive unit.
The description of a defense unit includes a description of its weapon I
systems, each of which is modeled as consisting of a missile, a launcher,
a missile magazine, and an associated missile guidance system. Although
a unique association exists between launcher and missile magazine, a given
missile guidance system may service a number of inidvidual launchers. To
simplify bookkeeping within the simulation, a weapon component is classi-
fied by function (launcher, missile, or guidance) and by function type. 
For example, if seven launcher types are defined for the task force for I
a particular game play, the launcher configuration of any defense unit is
specified simply by stating the type (from among the seven) and position
of each launcher carried by the unit.

The following four sections are a description of the properties
which characterize each of the four parts of a weapon system in this model.
(A more complete discussion of these is found in Ref. 2.) I
2.4.1 The Surface-To-Air-Missile 3

A SAM missile type is described by the following missile character-
istics: 3

* minimum and maximum intercept ranges,

* performance envelope, I
* time-of-flight data, 3
* lethality data,

* replacement cost. 3
2.4.1.1 Missile Intercept Range and Performance Envelope 3

The minimum and maximum missile intercept ranges together with the
missile performance envelope define a solid of revolution about an ori-
gin, usually the position of the launcher, which may be interpreted as i
the set of points in space for which the probability of a SAM fired from
the origin killing its assigned target is roughly the design constant.
Outside this region, if a missile did intercept a target, a target kill
would be unlikely. Therefore the model considers a missile for commit-
ment to an established enemy track only when the projected point of in-
tercept falls within the missile's performance envelope. Figure 2.4.1.1-1
illustrates a vertical-half-plane section of an example of a missile per- I
formance envelope with minimum and maximum missile intercept ranges.
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ALTITUDE

RANGE

Fig. 2.4.1.1-1 - Vertical-half-plane section
of a missile performance envelope

The fire zone sector is usually 3600, indicating full coverage, but
it may be limited to any range by specifying a right-hand boundary with
respect to the heading of the defense unit and the width of the desired
section, measured in degrees counterclockwise from the right-hand
boundary.

2.4.1.2 Missile Time of Flight

The length of time required for a missile to reach a given point
within its performance envelope following launch is calculated from the
missile's time-of-flight data. Figure 2.4.1.2-1 is an example of the
type of information that may be inserted into SPEARS to represent mis-
sile time-of-flight.

*_o __55 6 0 70 AX100lsy X 1..54 1 / / sec
0o 750
- 25
N
,Wj 50

25 se

100 125 150 175 204
HORIZONTAL RANGE, RH( kilofeel)

Fig. 2.4.1.2-1 - Missile time of flight as a function
of horizontal range and altitude
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2.4.1.3 Missile Lethality

The lethality of a missile type is interpreted in terms of the
probability that a SAM launched against an enemy track scores a kill at
the calculated time of intercept and in terms of the length of the sub-
sequent time-to-die period experienced by the intercepted attacker.
These values will vary according to the type of attacker intercepted, so
each attacking unit in an enemy raid is characterized by an identifying
vulnerability group index. The lethality data therefore for a given I
missile type consists of the specification of a probability of intercept
and a probability distribution for the time-to-die random variable.

The time to die, defined as the length of time between intercept of
an enemy unit and its actual demise, is considered to be a random vari-
able with either an exponential or log-normal probability distribution,
as indicated by the user.

2.4.1.4 Missile Replacement Cost 3
As implied, the missile replacement cost is the cost to replace a

missile of this type. |

2.4.2 The Launcher and Its Magazine 3
A launcher type is defined by specifying the

* associated missile type, 3
* missile magazine capacity,

* number of rails, I
* interrail firing delay,

* reload cycle time, and

* activation dalay. 3
In addition to the properties associated with its launcher type, each
individual launcher carried by a defense unit is characterized by 3

* position and

* fire-zone sector. 3
2.4.2.1 Missile Type and Magazine Capacity

Each launcher is serviced by only its own missile magazine, which I
contains missiles of a single designated type. When its magazine is
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emptied, the launcher becomes unavailable for the remainder of that play
of the game.

2.4.2.2 Launcher Time Delays

The interrail firing delay is the time between two successive shots
from two fully loaded, adjacent launcher rails. The launcher activation
delay is the time required by the launcher firing circuit to discharge a
missile once it has been initiated. The reload cycle time is the time
necessary to load all rails of an empty launcher.

2.4.2.3 Position

The position of a launcher is expressed in terms of the coordinate
system for the local defense unit, where the center or specified posi-
tion of the unit is taken as the origin.

2.4.3 The Missile Guidance System

A missile guidance system, capable of supporting at least one de-

fensive missile-track assignment at any given time, is represented with-
in the simulation by a collection of one or more constructs called guid-
ance channels. Each guidance channel embodies the ability of the system

to handle a single missile assignment. Physically a guidance channel
might represent a director/illuminator tracking radar set as in a dual-
simplex guidance scheme, where two such radars are used in conjunction
with a single SAM launcher. In this situation a guidance channel is
committed to a single engagement from track acquisition and missiel
launch to intercept and kill evaluation, after which the channel is
freed and available for reassignment. Thus a dual-simplex guidance
system, with its two guidance channels, can handle at most two missile-
track engagements at any one time. In a more advanced system involving
a multifunction-phased-array radar coupled with a computer the physical
interpretation of a guidance channel is more difficult. As the multi-
function aspect of the radar indicates, it may divide its time between
surveillance, tracking, and the guidance of a number of simultaneous
missile-track engagements. Each guidance channel then might represent
the data-processing capability within the system required to guide a

single missile.

A weapon guidance system is classified by weapon guidance group
type, each group type being characterized by specifying:

* number of guidance channels in group,

* inflight guidance state vector,

* guidance constraint array.
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2.4.3.1 Inflight Guidance State Vector

The rate at which data are transmitted between an active missile
and its guidance system may vary as a function of the distance of the
missile from its target and the time remaining before anticipated inter- i
cept and subsequent guidance release. A change in the data rate while
the missile is in flight initiates a new missile guidance state. These
transitions in guidance data rates are specified by means of an inflight
guidance state vector whose components are the lengths of time, given in
seconds, the missile spends in consecutive guidance states during the
course of the engagement. Working backward from time of release the
first entry in the guidance state vector denotes the kill evaluation per- I
iod which commences upon missile track intercept and is terminated by the
release of the guidance channel from the assignment. The second entry
gives the time spent in the transition period immediately preceeding in-
tercept. Each successive entry backs up in time to its predecessor and
represents the time spent in a different guidance state.

A simple example is the case of a semiactive, homing-all-the-way I
missile system. Since no data rate transition occurs during the flight
of such a missile, the inflight guidance state vector would contain a
single entry, specifying the length of the kill evaluation period. U
Another example is a missile system having inflight initial,midcourse,
and terminal homing guidance phases, where the initial phase remains un-
specified, the midcourse phase lasts 40 seconds, the terminal-homing |
phase runs 15 seconds, and the kill evaluation time is 5 seconds. The
corresponding inflight state vector would be

I
5

G = 15 . 3
40

_ J
2.4.3.2 Guidance Constraints

The number of guidance channels available to a missile guidance I
system as represented by a guidance group places an upper bound on the
number of missile assignments the system can process concurrently, How-
ever, physical characteristics of the hardware in the system and other I
considerations may dictate additional constraints on the number of mis-
siles the system can handle in various stages of flight at any one time.
For example, in the multifunction-phased-array radar system some restric-
tion is necessary to reflect the physical limitation over time of the
energy available to tracking and guidance as opposed to competing func-
tions such as surveillance. These constraints are expressed by a system
of guidance constraint equations, to be discussed below. I
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Define the initial state or state 1 of a missile-track assignment
to be that period from time of assignment until time of launch. Let
state 2 commence at time of launch and continue until the assignment
enters the guidance period represented by the last entry (40 in the
example of the preceding subsection) in the guidance state vector, which
becomes state 3. The next to the last entry in the guidance vector is
state 4, and so on. If the number of components in the guidance state
vector is NSTATE, then the first component, the kill assessment period,
represents state NSTATE + 2. Let

s. (t) = number of guidance-group missile assignments
in state i at time t.

Then

S(t) = TATE 2](2-1)

_ NSTATE + 2( )

represents the guidance-group missile assignment vector at time t. Con-
sequently the guidance-group constraints may be expressed by the system
of inequalities

A S(t) < N tC, (2-2)

where

A = constraint coefficient matrix (NROW by NSTATE + 2),

NROW = number of constraint equations,

S(t) = guidance-group missile assignment vector,

Nt = number of active guidance channels in the guidance
group at time t,

C = constraint vector (NROW by 1).

Any contemplated missile assignment must satisfy these constraint equa-
tions from the proposed assignment time through the calculated release
time. Since potential-assignment constraint evaluations are made under
the assumption that currently active channels will remain so for the
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duration of the proposed assignment, any subsequent random failure or

battle-inflicted damage experienced by one or more guidance channels
will result in immediately more restrictive constraint equations (through
the value of the parameter N t) and may force premature termination of
one or more currently held assignments.

As an example consider a hypothetical guidance system having a
single midcourse guidance transition occuring 10 seconds prior to antici-
pated intercept and consider a kill evaluation period lasting 6 seconds.
Let A denote the number of assignments at any given time in the assign
phase (state 1), M the number of assignments in the midcourse phase
(state 2), F the number of assignments in the terminal phase (state 3), I
and E the number of assignments in the evaluation phase (state 4).
Assume the guidance constraints which must be satisfied throughout SAM

flight time by the N guidance channels within the system to be.

A + M + T + E < 8N 3
and

A + 3M + 7T + 2E < 14N

The guidance constraint parameters for a guidance group represen- I
ting this system are

NSTATE = 2

NROW = 2 3
6

G =

A = [111 , I
1 3 7 2

r8l
C L4 

The guidance constraint equation (Eq. 2-2)) is
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s (t)

s2 

Ls3(t) < Nt 14

where N is the number of active channels at time t.
t

2.5 The TEWA Event

2.5.1 Weapon System Availability

A weapon system within the simulation consists of a launcher, a
missile magazine, and an associated missile-guidance channel. A launcher
or a guidance channel is available for assignment at current game time t
if it is active and not currently assigned to another task. In addition
a launcher must also be loaded or possess a nonempty missile magazine.
A launcher or guidance channel is considered active if it is operable and
all game components on which it depends are operational. (The operabil-
ity of game components and their functional dependence on one another are
discussed in Ref. 3.) Thus a weapon system is available for assignment
at current game time t if both a launcher with a nonempty magazine and
at least one of the guidance channels within its associated guidance
system are available for assignment.

If no weapons aboard the defense unit are currently available and
will not become available within the current TEWA interval [t, t + re-
evaluation delay], the TEWA event is rescheduled for the conclusion of
the TEWA interval. If no weapon systems are currently available but one
or more will become so during the current TEWA interval, a TEWA event is
scheduled for the earliest time of weapon availability and the current
TEWA event is terminated. If at least one weapon system is currently
available for assignment and at least one active established hostile
track is held by the unit, the feasibility of all possible available
weapon-established track assignments is then determined.

2.5.2 Feasibility of Assigning a Weapon System to a Track

The assignment of an available weapon system to an established
track is feasible if:

* the track is within the weapon assignment range,

* the assignment would not violate the weapon-system guidance
constraints for the entirety of the system's commitment to
the track.
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For a given weapon system and established hostile track, the weapon
assignment range is determined as in a preceding subsection using the
missile maximum-range volume to ascertain the possibility of intercept.
If intercept is not possible, then this weapon is removed from consid-
eration for assignment to the given track during the current TEWA event.
If intercept is possible within the missile maximum-range volume given
weapon assignment at current time t, then the predicted point of inter-
cept is checked for inclusion in the missile performance envelope. If I
this test is met, and if the point of intercept also falls within the
launcher fire zone sector (3600 in the usual case of full coverage), then
the associated weapon-system guidance constraints are examined for pos-
sible violation at any time during the proposed assignment.

2.6 Threat Evaluation and Weapon Assignment (TEWA) 3
Evaluations of the threat posed to the task force by an incoming

enemy air attack and subsequent decisions either to wait or to take im-
mediate action against one or more detected attackers are made within re-
curring threat-evaluation-and-weapon-assignment events, but also depend
on information generated by related event occurrences. The following sub-
sections describe the approach used within the simulation to define sim- I
ulation event types, determine when an established track is within weapon
assignment range, establish the feasibility of a proposed weapon-track
assignment, evaluate the threat of a hostile track, and choose appropriate I
defensive action in accordance with the measure of effectiveness adopted
for the task force.

2.6.1 Event Types

Each significant change in the state of the system described by an I
event sequence simulation is represented within the simulation by an
event, with a play of the game or run of the simulation consisting of a
sequence of occurrences of such events. The execution of a single event I
in the simulation event calendar may change the value of an attribute of
a game element, create or destroy an element, or initiate or terminate
element activity. Each event in the AAW simulation is characterized by
its event type, two event parameters, and the time at which the event is
to occur. The event types defined within the model may be classified
according to function into four general categories: 3

* target motion events,

* radar detection and tracking events, 3
* threat evaluation and weapon assignment events,

* kill, damage, and disablement events. I
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The event types involved primarily with threat evaluation andI weapon assignment (TEWA) are listed below. Each event type is identified
by name, two event parameters in parentheses, and a brief description of

* its function.

* TEWA (defense unit number, free parameter): Recurrent threat

evaluation for subsequent weapon assignment by a specified defense unit.

1 * ASSIGN (guidance channel number, track number): Assignment of a
specified SAM weapon system to an established track.

I * LAUNCH (guidance channel number, track number): Launch of a des-
ignated SAM against an established track.

* INCPT (guidance channel number, track number): Interception of
an established track by a SAM.

3 * RELEASE (guidance channel number, free parameter): Release of a
specified weapon-guidance system from its current assignment.

* TRANSFER (guidance channel number, track number): Transfer of aI specified SAM assignment to a new track prior to intercept of the old
track.

* DROP (guidance channel number, track number): Termination of a
specified SAM assignment prior to launch.

* ABORT (guidance channel number, track number): Termination of a

* specified SAM assignment while the missile is in flight.

* COMEIN (defense unit number, track number): Penetration of theI weapon assignment range for a specified defense unit by the designated
track.

* OUTGO (defense unit number, track number): Exit from the weaponI assignment range for a specified defense unit by the designated track.

1 2.6.2 Weapon Assignment Range

Threat-evaluation-and-weapon-assignment activity within the simula-I tion is initiated on the first appearance of an established track within
the weapon assignment range of any task-force defensive unit. An enemy
attacker is considered within weapon assignment range of a particular
defense unit at a given time t if there exists at least one weapon system

aboard the unit with missiles capable of intercepting the attacker on its
current flight path were it to be assigned to that target at time t. The
weapon assignment range is specified for a target-and-defense unit inI terms of the earliest and latest times at which one or more defense unit
weapon systems can be assigned to the attacker on its current flight path
and achieve intercept. The weapon assignment range of each active defense

* unit in the task force in relation to a given target is determined during
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each occurrence of a series of NODE events associated with the attacking
unit.

For each missile type carried by the defense unit, an initial cal-
culation is made to determine the points of penetration of the current I
offensive unit flight leg into the missile maximum-intercept-range volume.

If an offensive unit will enter and/or leave the weapon assignment
range of a given defense unit during the current node-to-node time inter-
val as indicated by the earliest and latest weapon assignment times cal-
culated for the defense unit, the current NODE event schedules a COMEIN
event and/or OUTGO event in the game calendar for the appropriate time or I
times. The execution of the COMEIN event flage the offensive unit to be
within the weapon assignment range of the specified defense unit, and the
execution of the OUTGO event marks its exit from the assignment range by I
removing this designation.

2.6.3 The TEWA Event I
Task-force threat evaluation and weapon assignment (TEWA) takes

place within recurring TEWA events scheduled for individual defense units.
Associated with each defense unit are one or more TEWA reevaluation time
delays which are specified as input during game initiation. These TEWA
delays are used by the TEWA event to reschedule itself according to the I
outcome of eech TEWA event execution.

The initial TEWA event for a given defense unit occurs the first
time an attacker detected by the unit enters its weapon assignment range.
Recall that the penetration of a defense unit's weapon assignment range
is signaled by the occurrence of a COMEIN event, independently of the
detection status of the attacker with respect to the defense unit. Once I
initiated, the TEWA event for each defense unit becomes a recurrent event,
rescheduling itself according to one of its several reevaluation time
intervals.

TEWA event execution for a given defense unit begins with a determin-
ation of all active, established tracks held by the unit currently with-
in its weapon assignment range. If none are found, then the TEWA event
for this defense unit is rescheduled for current game time plus a TEWA re-
evaluation delay. If established tracks are within range, then the a-
vailability of weapon systems aboard the defense unit is assessed. I

Associated with each guidance group is a guidance state vector whose
NSTATE components are the lengths of time the missile spends in consec-
utive guidance states during the course of an assignment. The first com-
ponent represents the full assessment period beginning with intercept and
ending with guidance release, the second entry the guidance phase just
prior to the anticipated intercept, the third component the preceding I
contiguous guidance state, and so on, with the initial guidance state
immediately following launch not included in order to avoid the problem
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of allowing the guidance state vector to specify the entire missile time
of flight for every assignment with the weapon system.

State 1 of a missile assignment is defined to be the period from
assignment until launch, state 2 the time from launch until the first
data rate transition state as represented by the last entry in the guid-
ance state vector, and so forth, with state NSTATE +2 being defined as
the kill assessment period terminated by release of the assignment.
Thus, as given by Eq. (2-l),the guidance-group missile-assignment vector
is

S(t) = [s (t), s2(t), - s(t)NSTATE + 2M'

where

s i(t) = number of guidance-group missile assignments in
state i at time t.

To evaluate the effect of the contemplated missile-track assignment
on the system guidance constraints, the constraints are evaluated at
each point in time during the proposed assignment period at which a
change would occur in any component of the guidance-group missile-
assignment vector. To illustrate this procedure, consider a hypotheti-
cal missile system with a guidance state vector

G

and launchers with an assign-to-launch time of 3 seconds. Assume two
missile assignments with associated guidance channels 1 and 2, and
assume the following time schedules (game time) are currently in progress:

channel 1 channel 2

Assignment at 7 seconds at 12 seconds

Launch 10 15

Midcourse transition 31 46

Intercept 40 55

Release 44 59
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These schedules were calculated from the computed missile time of flight
for each assignment and the guidance state vector. For instance, in the
case of channel 2, an assignment contemplated for the then current game
time t = 12 anticipated a missile time of flight (launch to intercept)
of 40 seconds. As assign-to-launch period of 3 seconds placed launch at
t = 15 and thus intercept at t = 55. Using the first entry in the
guidance state vector, release was set at t = 55 + 4 = 59, and working
backward from time of intercept with the second vector component gave a
midcourse transition at t = 55 - 9 = 46. I

Let current game time t = 21 and the proposed missile assignment
schedule be: 5

channel 3 3

Assignment at 21 seconds

Launch 24

Midcourse transition 32 |

Intercept 41

Release 45 I
Consider the state table presented as Table 2.6.3-1, constructed by 3
combining the schedules of missile assignments 1 and 2 and proposed
assignment 3 and then ordering the entries according to time. For any
given time t the value of the guidance state vector 5

S'(t) = [s1(t), s2(t), s3(t), s4(t) 3
can be computed readily from the state table (Table 2.6.3-1). For ex-
ample, at the proposed assignment time and current game time of t = 21 3
the assignment vector is

S'(21) = (1, 2, 0, 0), I
since the proposed assignment would be in state 1 and current assignments f|
1 and 2 are both in state 2. However, the assignment vector need be
tested under only the guidance constraints for each change during that
period for which the considered assignment would be in effect for it is 3
assumed the constraints are satisfied prior to current game time. The
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Table 2.6.3-1 Hypothetical Time Schedule for Two Missiles

State Entered

(assignment
(launch
(assignment
(launch
(assignment
(launch
(midcourse
(midcourse
(intercept
(intercept
(midcourse
(release
(release
(intercept
(release

- channel 1)
- channel 1)
- channel 2)
- channel 2)
- channel 3)
- channel 3)
- channel 1)
- channel 3)
- channel 1)
- channel 3)
- channel 2)
- channel 1)
- channel 3)
- channel 2)
- channel 2)

assignment vector
Table 2.6.3-1 are

values of interest then, as bracketed by arrows in

S'(21) =
S'(24) =
S'(31) =
S'(32) =
S'(40) =
S'(41) =
S'(43) =

(1, 2, 0, 0),

(0, 3, 0, 0),

(0, 2, 1, 0),

(0, 1, 2, 0),

(0, 1, 1, 1),
(0, 1, 0. 2),

(0, 0, 1, 2).

Note the constraints need not be tested when the change in a component
is due solely to the release of an assignment. If the constraints

As S(t) < NtC

are not violated upon evaluation with each of the assignment vector
S'(21) through S'(43), then the constraints are satisfied for the dura-

tion of the proposed missile-track assignment. (If the constraint
matrix is generalized so that its elements are functions of game time t,

then the verification of the constraint inequalities for the duration of

the proposed assignment, while feasible, is more complicated.) Again,

future attrition of currently active guidance channels could cause the
constraints to be violated at a later time and result in the cancelation
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of one or more currently held assignments. However, if the constraints
are satisfied at this point for the proposed assignment period, the as- I
signment is considered feasible and held for further consideration.

2.7 Vulnerability and Reliability of Defensive Units I
2.7.1 The Need For Consideration 3

During the last decade much attention has been given to the asses-
sment of the relative utility of various weapon systems employed in the
defense of a naval task group under air attack. Although it is acknowl- 3
edged that at least a few missiles might penetrate the group's defenses
and thus erode its defensive capability, the precise manner in which
this erosion should be incorporated into the utility function has re-
mained an open question. SPEARS makes it possible to bring both the
defensive capability and the vulnerability of the group's weapon system
into one utility function. 3
2.7.2 The Utility Function

In SPEARS the amount of damage may be included in a global measure
expressed as a cost having three terms. The first term is the cost of
repairing (or replacing) all systems that are damaged during the battle
and those systems that become inoperable because of random failures; the
second, which is more subjective, is a cost reflecting mission capability
to the fleet in terms of those systems that become inoperable for a per-
iod of time; and the third accounts for ordnance expended by the group I
during an engagement. Such a measure is a function of many variables,
including the number of enemy air-to-surface missiles that penetrate
the fleet's defenses, the number of vessels that become immobile during
the battle, and the percent impairment of the fleet's defenses. Of
course, the relative weighting of the different variables will depend
on the mission of the group. 3

The defensive capability of the group is reflected in the utility
function through estimating the cost of damage caused by each penetra-
ting missile. This estimation is performed for each penetration at the
time of detonation. In a parallel computation the model allows for the
determination of those subsystems which have become inoperable. An
operable system becomes inoperable through damage, random failure, or
dependency on another aystem that has become inoperable. Moreover an
inoperable system becomes operable through repair or replacement. As
the game progresses, the operability states are altered as these
system-oriented events occur. In each subinterval of time, the defen- I
sive capability of the fleet is assessed through an examination of all
such operability states. It is through this mechanism that the damage
sustained by the group is reflected in its defensive capability and thus
in the utility function.
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2.7.3 Approach To Problem

The characterization of the vulnerability of an element to detona-
tions of enemy air-to-surface missiles is difficult. A detonation can
be interior to the ship structure or exterior to the ship structure,and
in the latter case the detonation can be in the air or beneath the
surface. The vulnerability of an element to a particular detonation
will depend on, among other things, the distance between the element
and the detonation and the nature of the medium between the two. The
medium is important because it determines how the effects of the detona-
tion propagate from the initial point to the element. One can envision
the magnitude of computing the effects of the variety of media on the
propagation of the detonation. In this model no attempt will be made to
carry out such computations, the primary reason being that such computa-
tions are beyond the scope of this model and the secondary reason being
that the knowledge of many aspects of these computations is sparse.
However an attempt has been made to develop a characterization of the
vulnerability of an element that will meet the following specifications:

* For a given detonation the characterization should yield the
probability that the element is damaged, and, if the element is damaged,
the characterization should yield the degree of the damage;

* The characterization should require only those inputs for which
realistic approximations are available;

* The results obtained through the characterization should be con-
sistent with results obtained through experimentation;

* The characterization should be sufficiently elementary to be used
in conjunction with a large computer simulation.

As was indicated, a detonation and an element can be separated by
many different media. The simplest case arises when the detonation oc-
curs in the air, the element under consideration is exterior to the ship
structure, and the element is in an unobstructed line of sight from the
detonation. In this case a good measure of how the effects of the det-
onation propagate to the element is the peak overpressure at the element
that is induced by the detonation. If the detonation occurs exterior to
the ship's hull and beneath the surface, an accepted measure of the
severity of the blast on an element at a given location is the keel shock
factor. An empirical relationship exists between equivalent peak-
overpressure and keel-shock-factor levels, two levels being equivalent
when the expected amount of damage is the same.

The two cases most difficult to treat are the case in which the
detonation occurs outside the ship in the air and the element is inside
the ship structure and the case in which the detonation occurs inside
the ship structure. However in this model it is assumed that for each
detonation an estimate of the severity of the blast for each element
aboard the ship is available and that this estimate is a function of the
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size of the warhead being detonated, the distance between the detonation
and the element, and the nature of the medium between the two points.
Moreover it is assumed that regardless of the particular measure of the
severity of the blast that is being employed an equivalent peak-
overpressure level can be computed. I
2.7.4 The Events 3

From a conceptual standpoint, all computations are partitioned in-
to the areas 5

* damage assessment,

* random failures,

* estimation of costs,

* estimation of repair times, and I
* treatment of dependencies. 3

These areas are treated within seven eventtypes:

* Event FAIL - An element fails as a consequence of a random
malfunction of that element. The game time at which a FAIL
event occurs for an element is assumed to be independent of the
on/off and up/down states of that element. If the element is
operable when a FAIL event occurs, the element becomes inoperable,
but if an element is down when the event occurs, the degree of
inoperability of the element is compounded by the occurrence of
this FAIL event. I

* Event DAMAGE - An element is damaged by a detonation of an air-
to-surface missile. The DAMAGE event is processed in precisely
the same way as a FAIL event. The distinction between the two
events lies not in how they are processed but rather in that
whereas FAIL represents the consequences of a random fault, DAMAGE
is the effect of an IMPACT event.

* Event DOWN - An element becomes inoperable as a result of a
DAMAGE or FAIL event. If possible, a repair cycle is scheduled I
to be initiated at a future time. A DOWN event may still occur
for an element already in a down state as a consequence of an
earlier DOWN event, in which case the scheduling of repairs may
be affected.

* Event UP - The repair cycle for a disabled element is completed.
However, if the element is awaiting the initiation of additional U
repairs as a consequence of a new DOWN event, the completion of
the current repair cycle does not change the down state of the
element to up. 3
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* Event REPAIR - A repair cycle for a disabled element is initia-
ted. If the element was being repaired at the instant prior to
the time of the current REPAIR event, a new repair cycle is be-
gun with a compounded repair rate which reflects the multiple
disablements.

* Event OFF and
Event ON - The OFF event indicates that an element has become
inoperable by setting the on/off state of that element to off.
In addition it schedules OFF events for all elements dependent
on the given element for thier own operability. Similarly, an
ON event indicates that the given element and all elements upon
which it depends are now operable. Although OFF (and ON) events
are the most elementary of all events in the model, in terms of
the game they are of primary importance, for these events deter-
mine the available weapon systems which can be employed for fleet
defense as a function of time. Thus, the set of on/off states of
all elements belonging to all ships yields the state of readiness
of the fleet.
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3. BLOCK STRUCTURE OF THE SIMULATION MODEL

The SPEARS simulation model consists of two separate computer
programs: the Pregame Processor (PGP) and the Main Simulation Processor

(MSP). The two programs are linked by Replication Data files written on
a magnetic tape. This model structure allows review, modification, and
correction of input data as required prior to execution of the game sit-
uation, or the programs may be run back-to-back if desired.

As shown in Fig. 3-1, the PGP is made up of a number of "generator"
routines, each of which processes a portion of the PGP input card deck as
described in Appendix A. The Type Generator and Boolean Function Genera-
tor add to or modify the standing data base of recurrent offense and de-
fense system characteristics.

The Defense Generator, Sector Generator, Option Generator, Environ-
ment Generator, and Communication Generator combine data from input cards
and from the Type Data base to produce individual defense units. In the
Defense Generator, the ship type and position coordinates of each unit
are defined with cards of Type DF. The Sector Generator allows restric-
tion of surveillance radar search sectors and of launcher fire zones as
well as specification of launcher salvo sizes. The simulation model
options desired for each surveillance radar and for each guidance channel
group (tracking radars) may be specified in the Option Generator. The
existence of each ship-to-ship communication link at the outset of the
game and the specification of those links subject to disruption are de-
fined by inputs to the Communication Generator. The Environment Genera-
tor accepts input specifying wind speed at a given altitude and the
nominal reflection coefficient of the ocean surface.

The Raid Generator combines numerous kinds of input cards with the
Type Data base to produce individual offense units and their piecewise
linear flight paths. Both impacting and nonimpacting target types are
described, and the pairings of (impacting type) offense weapons with in-
dividual defense units are specified.

Numerous checks for data validity are made throughout the generator
routines, and error messages are printed as appropriate. In addition a
final overall data-consistency check is made following completion of card
inputs to the PGP. A summary of the input data and the resulting defense

and offense units is then printed.

Depending on a PGP control card option, the revised Type Data may be
written (rewritten) on the first file of the Type/Replication tape. If
the input data have been found to be error free, a Replication Data file
will also be written as specified on the PGP control card. At this point
the game inputs may be reviewed by the responsible analyst.

The MSP combines various input data cards (Appendix A) with the
specified Replication Tape file to produce a game situation ready for
play. Certain pregame data may be printed if desired, as may the

3-1



3-2

I
I
I

a)
10

0

4-)
(U

--4

ci)

4-)

01)

44

4-4

a.)

0

0'
-4
r4J

R

0I
1

21

2
I1



occurrence of selected event types throughout one or more replications.
A summary listing is produced at the conclusion of each play of a game
situation (after each replication). After the final replication has
been made, an overall game summary is produced, similar in format to
the individual replication summaries.

Should additional replications of a game situation be desired after
review and analysis of the MSP outputs, they may be obtained easily by
reuse of the Replication Data file and appropriate modifications to the
MSP input card deck (e.g., the replication numbers desired and the ran-
dom number generator initialization).
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4. THE PREGAME PROCESSOR

4.1 Initial Setup of the Model

Two tasks are involved in making initial preparations to use the
model. First is the adaptation of both parts of the simulation program,

the Pregame Processor (PGP) and Main Simulation Processor (MSP), to the
computer to be utilized. This involves choosing the dimensions of
various arrays, compiling program subroutines, and producing suitable
versions of the two short machine-dependent interface routines in each
program. The second task in preparing for production consists of using
the PGP to establish a data base of various types of frequently used
component and system descriptions. For example, once a SAM missile type
has been defined (including its performance envelope, time-of-flight and
lethality characteristics), that definition will be saved on a magnetic
tape file of Type Data prepared by the PGP from which it may be easily
retrieved for use at any later time.

The TEWA functions are not presently operating within the TDHS ver-
sion of the model, so the storage arrays associated with those functions
are assigned minimum dimensions in order to conserve the amount of core
space occupied by the simulation program.

4.2 Adaptation to a Particular Computer Installation

The model makes use of a number of packed lists as specified in
Appendix B. The virtue of the packed-list format over the whole-word
format is that it achieves more-than-an-order-of-magnitude savings in
core space requirements for the data it contains. The array dimension
to be associated with each such packed list depends on the word length
(in bits) of the computer being used. The procedure for dimensioning
these arrays for a given machine word length and model capacity is
specified in Appendix D. Several types of input and control data include
20-character alphanumeric (name) fields. Successful handling of such
name fields requires assigning a value to the parameter N20BCD in common
block 10 (Appendix C); this same numerical value must then also be used
as the first dimension of each of the alphanumeric arrays in common
block NAMES. Also, certain FORMAT specifications must be changed to
correspond with the value assigned to N20BCD; the nature of these changes
is described in Appendix D.

Two machine-dependent routines in both the PGP and the MSP are
GETBIT and MOVE. They are required for the storage and retrieval of
integer data contained in the various packed lists. Both routines
involve masking and shifting operations which should be accommodated
readily on any computer. The GETBIT routine has an entry point (which
is not USA Standard) called PUTBIT. Most FORTRAN compilers will accept
this deviation from the USA Standard easily. If difficulty is encoun-
tered, GETBIT may be broken into three separate subroutines--GETBIT,
PUTBIT and a new routine which would consist of the majority of the
present GETBIT routine.
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The most important parameter in GETBIT is IWL, the integer word length
(in bits) of the machine being used. Each packed list is considered to I
be a contiguous string of bits, and the machine word length is of course
required to set up addressing pointers within the list. Adaptation of
GETBIT/PUTBIT and MOVE to the computer to be used will be easy for a
programmer familiar with the chosen computer, requireing no more than a I
few hours of effort.

Together the PGP and the MSP contain approximately 16,5000 punched I
cards. However the PGP and the MSP need never occupy core storage sim-
ultaneously, as explained in this and the following section. The pro-,
gram decks are heavily annotated with comment cards describing the I
purpose of each routine, defining the variables used, and explaining
significant operations within each routine. Once the array dimensions
have been established both the PGP and the MSP should be compiled, and
compilation listings (with multiple copies as appropriate) and object I
code (binary) card decks should be obtained. Virtually any FORTRAN
compiler should accept the routines written in USA Standard FORTRAN with
few compilation difficulties.* I
4.3 Establishing a Data Base

Much of the data needed to define the characteristics of the offense
and defense units in a typical AAW engagement are recurrent; once they
have been defined, the data may be reused repeatedly in the specifica- I
tion of many similar engagements. To facilitate reuse and revision of
such data, the model allows for saving several categories of data on a
magnetic tape file from which they may be easily recalled. The Type I
Generator (TYPGEN) routine within the PGP allows addition to, or revi-
sion of, the data base by means of punched card inputs. The two primary
categories for which Type Data may be defined are: Ships or Defense
Units (including AEW aircraft), and Targets or Offense Units.

4.4 Generation of Ship Types |

4.4.1 Ship Description

Specification of a ship type, which may be thought of as a ship
class description, requires previous definition of the basic components
of which the ship is composed. Specifically required, (Fig. 4.4-1)
along with the ship geometry, are the characteristics of the

I

*An example of a FORTRAN partially incompatable with USA Standard FORTRAN I
is that provided on the CDC 3800, which will not accept the Standard
version of a DATA statement. The authors would appreciate being ad-
vised of any such difficulties encountered by users.
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surveillance and tracking radar types (e.g., AN/SPS-48, AN/SPS-49), the
surface-to-air missile types and their associated launcher systems, and
the guidance channel constraint group types. The number and physical
location on the hull of each such component, together with individual
component vulnerability data, define the surveillance and weapons con-
figuration of a particular ship type; the ship type may also be assigned
a class name of up to 20 characters (e.g., DDG-2 CLASS or GALVESTON
CLASS). Sub-routines used by TYPGEN to define surface-to-air missile
types, launcher types, radar types, ship component types, guidance
channel constraint group types, and ship types are MSLGEN, LCHGEN,
RDRGEN, CMPGEN, GCGEN, and SHPGEN respectively; the data input formats
for each of these routines are given in Appendix A together with ampli-
fying descriptions of the various parameters involved.

The TDHS mode requires the addition of one parameter (on Card Type
TS) and a new input card type. The new parameter specifies for a given
ship type the number of DET/TRK operator positions available on the ship
type. The new card type (Type TST) specifies the radar assignments for
the TRK SUP and for each DET/TRK operator. Provision is also made on
this card type to assign individual operators to automatic offset mode
of operation for the track updating process.

4.4.2 Missile Guidance Techniques

The concept of guidance channel constraint groups (Appendix G) has
been introduced into the model so as to afford a single approach to sim-
ulating present-day, as well as future, missile guidance techniques.
The widely used dual-simplex guidance scheme uses two fully dedicated
director-illuminator tracking radar sets (or guidance channels) with
each SAM launcher. A guidance channel is entirely committed to a single
engagement from initial target acquisition and missile launch to inter-
cept and kill evaluation; thereafter the guidance channel may be used to
reengage the same target or to take under fire some other target, as the
assignment doctrine dictates. More efficient use is made of the missile
launcher by having it supply missiles to two guidance channels conduc-
ting independent target assignments; this is particularly true when the
missile time of flight to an intercept point is large compared with the
launcher cycle (or reload) time delay. A dual-simplex system may have
no more than two assignments (per launcher) in progress at any given
instant of time.

A somewhat different guidance scheme for more advanced missile
systems abandons the notions of fully dedicated guidance channels and
exclusive commitment of a guidance channel to a target throughout the
course of a missile-and-target engagement. With the advanced guidance
techniques a particular guidance channel may be serviced by any of
several missile launchers aboard the ship, and it may divide its time
among several missile-and-target engagements as the data rate require-
ments of each dictate. Physically the "guidance channels" in a multi-
function phased array radar are more difficult to visualize than the
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director-illuminators of a dual-simplex system. In the advanced system,

the energy represented by the fraction of real time devoted to missile
tracking and guidance functions may constitute the guidance channels.
The allocation of such energy over time as missile-and-target engagements

are conducted must observe some physical limitations. In this model the

guidance channel constraints are described by a system of linear inequal-

ities, the parameters of which are specified as inputs. Up to seven in-

flight data-rate changes are allowed, with the data-rate transition
points being specified on input as fractions of the expected missile

time of flight for each missile-and-target engagement.

One of the parameters required to define a guidance channel con-
straint group is the total number of guidance channels belonging to the

group. For a dual-simplex system this value is two (the number of
director-illuminators). For the advanced system the value assigned cor-
responds to the maximum number of missile-and-target engagements that

may be in progress at any given instant of time. The number of channels
is a factor on the right-hand side of the linear inequality constraint

expression, allowing the constraints to become more restrictive as

battle damage reduces the weapon system's ability to direct defensive
firepower.

| A guidance-channel constraint group may service one or more missile

launchers, and these launchers need not be of the same type nor must
they launch the same type of missile. The association of a guidance-

channel constraint group with its launchers is done in the SHPGEN routine

(see Card Types TG, TGP, TGC, TGA, and TSG in Appendix A). A ship type
may have up to seven guidance-channel constraint groups but the total

number of guidance channels on a ship type may not exceed 63. Thus aI double-ended dual-simplex ship having several single-channel point
defense systems may be easily accommodated. The approach developed for
the model is considered to be sufficiently general and powerful to

simulate virtually any shipborne SAM system for the foreseeable future.

4.4.3 Component Functional Dependencies

The operational dependencies of ship components on one another is

described within the simulation by means of Boolean functions. A guid-

ance channel for instance might be modeled as being operationally depen-
dent on a fire-control computer and a power supply; that is, if either

the fire-control computer or the power supply is not functioning, then

the guidance channel is unable to operate. The Boolean relationship

expressing this dependency would be of the form

1 AND 2, 3,

where the Boolean function 1 is associated with the guidance channel,
the component 2 with the fire control computer, the component number 3

with the power supply, and the logic indicator AND with the fact that the
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operability of the guidance channel depends on the operability of both
the fire control computer and the power supply. The fire-control com- I
puter in turn could depend operationally on one or more ship components,
so that any desired dependency configuration can be constructed.

A master set of Boolean functions is inputed for each game replica- I
tion (see card type BF in Appendix A). Each ship component is assigned
a Boolean function number from the master set as the component is de-
fined within ship type; the absence of such an assignment indicates the I
ship component is operationally independent of all other aboard ship.

4.5 Generation of Target Types I
Impacting and nonimpacting target types and ECM loading groups are

specified within the TYPGEN routine as shown in Fig. f.5-1. Radar re-
flection data is referenced by cross-section group numbers and may be
shared by several target types as appropriate. Cross-section data are
processed by the CSGEN subroutine. Within the TGTGEN routine each i
target type is assigned a data-base reference number and a 20-character
name (e.g., BADGER D, SSN-3, SUBMARINE). The vulnerability group index
of a target type is used to select the applicable set of kill probabil-
ity values for a SAM system whenever a missile-and-target intercept is
achieved by the defense forces; thus one set of Pk values might be
specified for aircraft targets and a second set for cruise missiles for
each SAM type. I

For launch vehicles and impacting target types the dispersion char-
acteristics are defined by TGTGEN inputs. These may be in the form of
either DEP/REP (deflection error probable/range error probable) or CEP
(circular error probable). For launch vehicles the dispersion data are
used to establish an aim point for its weapons, centered about the posi-
tion of the intended victim ship. The dispersion of impacting weapons I
is centered about the airm point so defined. By setting both of these
dispersion characteristics to zero, an enemy weapon may be made to im-
pact at exactly the position of the victim ship. The extent and nature I
of damage caused to shipborne components by an enemy weapon impact is
derived from the distance separation between the warhead and each com-
ponent, the warhead size or lethality figure, and the vulnerability
factor of each component (as specified in the SHIPGEN inputs).

Four of the TGTGEN inputs are applicable only to impacting target
types. The guidance-dependency parameter specifies whether the flight I
of an impacting target type should be aborted whenever its parent
launch vehicle is killed (if this should occur in the time interval be-
tween launch and impact of the target). The speed standard-deviation i
value is used to allow random differences in the actual speeds achieved
by individual impacting targets. A "slow" missile will have speed val-
ues less than the nominal mean-value figures (inputed later in the
WPNGEN routine) along each of its flight path legs. This increases
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the variability of enemy weapon impacts and imitates a factor not
strictly under control of the enemy raid planner. I

Enemy missile fuzing occurs at the point of impact of the missile
with whichever is contacted first, the ocean surface or the target ship.
The position of detonation is located generally beyond the fuzing loca-
tion on the path of motion of the enemy missile. The distance from the
point of fuzing to the point of detonation is a TGTGEN input.

The probability that the enemy missile will fail to detonate is
used to determine (through the choice of a random number) whether that
missile is a dud.

Finally, the jamming power densities on P, L, S, C and X bands may
be specified by inputs to the ECMGEN routine. These ECM loading groups
are then accessed (by group index number) within the Raid Generator to
establish the jamming configuration of individual enemy vehicles. Both
impacting and nonimpacting target types are permitted to carry any com-
bination of ECM equipment specified by the analyst laying out the raid I
configuration.

4.6 Retention of Data Base Parameters |

The use of previously defined Type Data and the retention of newly
defined Type Data are entirely under the control of the analyst prepar-
ing inputs for a particular run (specifically Card Type C in Appendix
A). The intended purpose of the data base (and the Type Data magnetic
tape file) is to permit a "one-time" definition of frequently used I
information, particularly in the case of ship and target types. Once
such definitions have been accomplished, later runs may be made with
significantly smaller input card decks.

Any set of Type Data may be newly defined or redefined for an in-
dividual run, and these definitions may be temporary (no change made in
the previously written magnetic tape file) or permanent (by rewriting I
the tape file). The user must exercise caution in redefining an exis-
ting Type Data set, since any other set of Type Data affected by the
change must also be redefined. For example, if the number of channels I
within a guidance channel constraint group type were to be changed, this
would necessitate redefinition of any ship types utilizing that guidance
channel constraint group type; in particular the tracking radars and
component characteristics associated with guidance channels for the ship
type would require modification. On the other hand some changes may be
made in Type Data sets without requiring subsequent redefinition of
"using" data sets. For example the location of a performance-envelope I
node of a missile type may be moved or a new node may be added without
necessitating redefinition of every ship type using the affected missile
type. Recognizing the conditions under which such a change is permissi- I
ble requires intimate knowledge of the PGP structure. When in doubt,
the safest alternative is of course to redefine any other Type Data sets
that might possibly be affected.
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4.7 Specification of Defense Units

Once a library of ship types has been established in the data base,
specification of individual defense units (ships and AEW aircraft) is
relatively easy. Each defense unit must be defined by a single input
card (of Type DF) to the Defense Generator (DEFGEN) routine. Each such
DF card specifies the number, name, ship type, heading, and position (in
rectangular or cylindrical coordinates) of a defense unit. Also speci-
fied is a TEWA group number for defense units having firepower capabili-
ties; this grouping is used within the threat-evaluation procedure in
the determination of the force-wide engagement status of individual
targets. Inputs to the DEFGEN routine are terminated by a Type DX card;
this card is also used to specify the location of the Vital Area Center
used in force-wide threat-evaluation computations.

Following the DEFGEN inputs there may be additional, optional in-
puts to further refine the descriptions of individual defense units.
These optional inputs fall into three categories; surveillance-radar
search-sector definitions, launcher fire-zone sector and salvo size
definitions, and radar simulation-model option selections for individual
surveillance radars and guidance channel groups.

Any, all, or none of the surveillance radars aboard a defense unit
(as determined by the corresponding ship type definition) may be as-
signed limited search sectors by use of input cards of Type SR to the
Sector Generator (SECGEN) routine. Unless otherwise specified, all
surveillance radars are allowed full circle coverage. Restricted search
sectors are defined by giving a right-hand boundary (relative to the
ship's heading or to north, as desired), and a search sector width (of
from 0 to 360 degrees). Each radar is then prohibited from making
target detections outside of its assigned search sector. (Individual
surveillance radars may be "turned off" simply by assigning a zero-width
search sector; this is an easier way to remove a radar from a ship than
by going through the alternative approach of defining a different ship
type.)

Fire-zone sectors for individual missiles may be defined in a sim-
ilar fashion through the use of Card Type SL. Full circle coverage is
again assumed unless otherwise specified. Each launcher is prohibited
from launching a missile salvo against a target unless the target lies
within its fire-zone sector at the time the missile assignment is made.
This same card type is also used to specify the salvo size for indivi-
dual launchers (the number of missiles to be fired each time as an as-
signment is made). A default value of one (single missile salvos) is
assumed unless otherwise specified.

Only one such unit may at present be configured with surveillance
radar sets in the TDHS version. Until the development of the multiple-
ship TDHS model, all defense units but one must be generated from ship
types having no radars or defensive weapon systems.
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Several radar simulation models are available within the program,
each rep'esenting a diffirent level of detail or degree of sophistica-
tion in the treatment of the radar detection process. Which radar
simulation option(s) to use in a particular run depends on many factors,
including the purpose of the run, the sensitivity of the outcome expec-
ted or previously observed as a result of the option(s) selected, and
the importance attached to minimizing computer running-time costs(through
the selection of simple algorithms). Each surveillance radar and each I
guidance channel group (tracking radar(s)) may be independently assigned
the simulation model option desired. Thus a number of different radar
simulation models may be employed concurrently within a given run. Un- I
less otherwise specified, the simplest radar model is assumed (a deter-
ministic cookie-cutter technique); this will yield the shortest possible
running time, but only radar horizon, scope limit, and horizontal and
vertical coverage angles will be considered in making detection deci- I
sions--effects of ECM and target cross section variations are ignored.

In the TDHS version the radar simulation algorithms no longer pro- |
duce "detected" targets but rather yield an array of detectable video
coordinates. A clustering routine in the MSP adjoins the video returns
from closely spaced targets according to the radar resolution capabili-
ties and other TDHS tracking parameters.

4.8 Specification of Offense Units I
The Raid Generator (RAIDGEN) routine combines previously defined

target types, ECM loading groups, and defense unit information (for I
targeting purposes) with flight-path and weapon-trajectory data to pro-
duce individual offense units, both impacting and nonimpacting, as
diagramed in Fig. 4.5-1.

Every offense unit, or target, is associated with a piecewise
linear Master Flight Path (MFP). The MFP for a nonimpacting target (e.g.,
launch vehicle, standoff jammer, strike-command aircraft, or cruise-
missile-launching submarine) may have from two to 15 nodes (Xi, Yi, Z.)
The phasing or time of departure from the first node and the speed along
each flight path leg are MFP input parameters. Offense units flying in I
formation may be associated with a common MFP, with the lateral, axial,
and vertical displacements of each from the MFP being described with the
specifications of each such target. (The MFP for a nonimpacting target'
must be completely described as part of the run input data, and there is
no variation in such flight paths between successive replications.)

Any number of nonimpacting targets may share the same basic MFP, I
with each such target being described by a single input card of Type RA.
This card specifies the target type and ECM loading group (both previ-
ously defined by inputs to the TYPGEN routine), the displacement values I
(relative to the most recently defined MFP), and the number of parasites
carried (if any).
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Each parasite carried by a launch vehicle is defined by a single
input card of Type RAP; the RAP card(s) must immediately follow the RA
card of the parent launch vehicle. The parasite-description card speci-
fies the target type and ECM loading group (just as for nonimpacting
targets), the weapon profile number applicable to the parasite (discus-
sed in the next paragraph), the defense unit to be attacked by the par-
asite, data necessary to define the time interval during which the par-
asite may be launched from its parent vehicle (according to a uniform
probability distribution over the interval), and a deterministic aim
point, if applicable.

The MFP's for impacting targets are generated somewhat differently
than for nonimpacting targets. Since the exact launch time of a para-
site is allowed to fall randomly within a specified interval, and since
the impact point is determined randomly (based on the weapon dispersion
characteristics), each impacting target is given a unique MFP at the
time of its launch. These MFP's will in general be different from one
replication to the next. The data from which such an MFP is derived are
termed the Weapon Profile Data and are initially processed by the WPNGEN
routine. The speeds, altitudes, climb and dive angles, and ranges are
described as appropriate to the type of weapon profile. Three profiles
are presently defined, having one, three, and four flight-path legs
respectively (Card Type RW in Appendix A).

A nonimpacting target may act as the launch vehicle for from zero
to 15 parasites. There may be up to 255 targets generated by the inputs
to a particular run.

There are two minor changes in specification of offense units for
the TDHS version. The first of these relates to the defense unit against
which an impacting target is assigned. A new data field has been added
in order to identify the intended victim, which may in general differ
from the actual victim against which the target will achieve impact if
it survives long enough. The intended victim identification is carried
along strictly for information and subsequent summary-listing tabular
printout. It has no effect on execution of the simulation model but can
be used to facilitate comparison of raid conditions with predescribed
scenarios.

The second change allows the probabilities of prelaunch, inflight,
and detonation failure to be specified for each impacting target. Ap-
plication of these probabilities will be discussed in the MSP section.

4.9 Preparation of Game Inputs

The ship types, target types, and ECM loading groups to be used in
a particular play of the game must either have been already defined in
the data base as discussed previously (and have been written on the
magnetic tape Type Data file), or those new or redefined sets of Type
Data must be included in the PGP input card deck being prepared. Newly
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defined Type Data may or may not be saved on the magnetic tape depending

on the control options selected on Card Type C (Appendix A). The TYPGEN
trailer card (Card Type TS) signals the end of the inputs intended to
modify the data base. Following the TYPGEN trailer card in the PGP
input deck are the Defense Generator (section 4.7) and the Raid Genera-

tor (section 4.8). The structure of the PGP input deck is discussed in
detail in Appendix A.

There are countless ways in which errors may creep into preparation |
of an input card deck for a large-scale model such as this. The PGP is
designed to recognize the occurrence of many types of such errors and

take (temporary) corrective action whenever appropriate. An informative I
diagnostic message is printed on the output listing of the PGP (as spec-

ified in Appendix E) as faults are encountered in the input data. There
are two main categories of errors (and error messages): fatal and non-

fatal.

Fatal errors are those from which the PGP is unable to recover in

any meaningful way so as to proceed with processing the input deck. I
Whenever a fatal error is encountered, an error message will be printed,
the input process will be terminated, and an input summary listing will
be printed with all of the data as they had been defined up to the oc-
currence of the fatal error.

Nonfatal errors are those from which the PGP can recover, at least
temporarily if not entirely correctly. Whenever a nonfatal error is en- I
countered in the definition of a data set, default values may be as-
signed in lieu of incorrect ones, or entire sets of data may be ignored

by the PGP as appropriate to the particular type of error. In addition, I
the affected data set will be tagged as being "bad." Any other depen-
dent data set will in turn be termed "not well defined." For example a

ship type would be not well defined if its configuration included a
missile type that had included an error in its definition.

The philosophy applied to the PGP design has been to process as

much of the input deck as possible on a single pass, taking corrective I
action wherever feasible and printing error diagnostics as appropriate.
In this manner fewer passes through the PGP should be required to cor-

rect a faulty input deck. I
4.10 Pregame Processor Outputs

Essentially five kinds of output may be produced by the Pregame
Processor: a pseudo 80-80 listing of input card images, a recapitulation

of all or a portion of the Type Data available to the TYPGEN routine, a I
complete description of the defense and offense forces that have been
defined, a magnetic tape file of Type Data that may be reused for later

simulation runs, and a magnetic tape file of Replication Data to be used I
by the Main Simulation Processor as the scenario for an actual simula-
tion run.
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The listing of input-card images may be useful as a record, as a
check on the keypunching, and as a convenient form for review and re-
vision of the input deck. This listing is not strictly an 80-80 card
image listing, since the same format is used to pring the card image as
was used to read it. For example floating-point values will always be
printed with three digits to the right of the decimal point regardless
of the format actually used on the input card. Similarly an integer

value intended to be a 4 but mispunched into column 59 (rather than
column 60) would be printed out as a 40 (which would in fact be the
value understood by the program to be the one desired). The listing of
input-card images is entirely optional and may be suppressed by placing
a 0 (or a blank) in column 50 of the PGP control card.

The Type Data listing may include either all such data available to
the TYPGEN routine (including that obtained from magnetic tape if applica-
ble) or only that data newly defined by card inputs to the TYPGEN routine.
The layout of the Type Data on the printer page has been carefully de-
signed to enhance its usefulness and readability. Each category of Type
Data (e.g., missile types, radar types) is started at the top of a prin-
ter page to achieve visual separation between groups of dissimilar data.
Only the listing of previously defined Type Data may be suppressed by an
input control option.

The composition of the defense and offense forces will always be
printed out in its entirety. The formats used are somewhat condensed in
that for a full and complete understanding of each offense or defense
unit, one must also have access to the Type Data printout. Defense
units are listed in numerical order, although they need not be generated
in this order. Weapon profile descriptions are printed by themselves,
since they may be used from within any portion of the raid structure.
Each MFP that has been defined will be listed at the top of a printer
page, followed immediately by descriptions of all targets using that MFP,
together with the parasites (if any) of those targets.

A sample PGP input deck and the resulting summary listings are pre-
sented in Appendix H. No particular importance should be attached to the
numerical values given in the sample input deck since many values are fic-
titious so as to keep the material unclassified.

The Type Data magnetic tape file may or may not be written (rewrit-
ten) after the summary listings have been produced, depending on whether
any new sets of Type Data are or are not intended to become a "permanent"
part of the simulation model data base. As the model is presently struc-
tured, only one magnetic tape is used for both the Type Data and Repli-
cation Data files. The Type Data file is always the first file on the
tape and it must have been written at least on time in order for the
Replication Data file to be successfully written. Therefore a Repli-
cation Data file cannot be written on a new tape without a Type Data
file having been previously written. Prior to writing either kind of
tape file, all data are tagged as being "old" so as to differentiate
then from newly defined (card input) data on later runs.
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The Replication Data file describes a complete game situation for
the Main Simulation Processor by passing along various arrays, packed
lists, and control parameters. Provided that the Type Data file is not
rewritten, several Replication Data files may be placed on the same mag-
netic tape. The number of previous Replication Data files to be saved I
is specified on the PGP control card. (It should not be assumed that a
Replication Data file sandwiched between others can be rewritten in place
without destroying those files which follow it; a much safer procedure I
would be to abandon such a file and create a new Replication Data file
after the last file to be retained.)
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5. THE MAIN SIMULATION PROCESSOR

5.1 General

Adaptation of the Main Simulation Processor (MSP) to a particular
computer installation is similar to the procedure described for the Pre-
game Processor. Nearly all of the packed list and name array dimensions
will have been previously established for compiliation and execution of
the PGP; it is merely required that these same dimension values be used
in the corresponding common blocks within the MSP. Those few lists and
arrays unique to the MSP must be assigned appropriate dimensions, follow-
ing the procedure given in Appendix D.

The MSP is loaded into the computer as a separate program, thus
minimizing the amount of computer core space required for execution of
the model; that is, the PGP and the MSP need never occupy core space sim-
ultaneously. The magnetic-tape Replication Data file(s) provides the
necessary link between the PGP and MSP computer programs.

The MSP requires an input deck of from two to 20 or more cards,
as described in Appendix I. The first card specifies the selection of
several input, and replication control options, together with a 20-
character run identifier. The second card is used to specify several
delay time values, a maximum simulation time, and an event monitoring
time interval. The next card, when it is included in the input deck,
defines a subset of the event types which is of interest for detailed
printer listing as specified on the first two input cards. The remain-
ing cards, when included, cause controlled initialization of the random-
number generator. Five additional input card types are used only in the
TDHS version of the model, as discussed below.

After the MSP input card deck has been processed and the specified
replication tape file has been read into the machine, a prereplication
initialization routine makes the final preparations for a play of the
game. Several events will have been prescheduled in the game event-store
calendar by the Pregame Processor; these include the first NODE event for
each nonimpacting target in the offense force, and it is the earliest of
these that actually gets the game underway.

The currently defined event types (Appendix J) fall into four broad
categories: target-motion events, radar-detection/tracking events,
threat-evaluation and weapon-assignment events, and kill, damage, and
disablement events. The types of events in each of these categories are
discussed in the remainder of this section.

Changes made in the Main Simulation Processor (MSP) in the TDHS
version of the model include additional of several new game-control and
override-option data cards, addition of several new event types, and
suppression of several old event types. The relationship between the
PGP and the MSP is the same as in the parent model except that the ar-
rays and their dimensions on the replication tape file are somewhat
different.
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Five new types of game control cards are now read in after the

random-number-generator initialization cards. As described in Appendix
I, these control cards specify various details about the target tracking
process for a particular play of the game. The tracking parameters in-

dude specification of the size and shape of the reachable sets used to I
compute video-track correlation scores, the rules by which DET/TRK op-

erators are activated (or deactivated) depending on the total number of
tracks in the TDHS, the rules by which closely spaced multiple video re-
turns are tracked together or separately, and the zone of interest boun-
daries within which a DET/TRK operator's attention is directed during
automatic sequencing. |

Three of the five new card types are used to override equipment
accuracy and operator proficiency values. Included in the parameters

that may be so modified are ball tab placement errors, scope limit scale I
factors, and service time limits (minimum and maximum values) for indi-
vidual operators and range and azimuth accuracy for individual radars.

5.2 Target Motion Events

There are four event types primarily related to target motion: I
NODE, VANISH, IMPACT, and EMERGE. A NODE event occurs whenever a target
(offense unit) passes through one of the nodes along its piecewise

linear flight path, including departure from the initial node and arrival I
at the terminal node. Associated with the NODE event is one of the most

complex subroutines in the model.

The occurence of a NODE event will always result in the scheduling
either of a simultaneous VANISH or IMPACT event as appropriate or of
another NODE event for the time at which the target reaches the end of
its current leg. Additional events related to radars (ENTER, LEAVE), I
weapons (DROP, TRNSFT, ABORT, COMEIN, OUTGO), and parasited (EMERGE) may
also be scheduled if and when appropriate. 3

Consideration of the NODE event may be divided into two general
cases: (1) when the occurrence of a NODE event corresponds to the final
or terminal node of the target's flight path, and (2) all other NODE

event occurences (those for which one or more additional flight-path
nodes remain for the target to pass through). Of these the first case
is the simplest, since all that is done is to schedule either an IMPACT

or a VANISH event at the current game time, depending on whether the I
target is of an impacting or nonimpacting type.

-~~~~~~~~~~~~~
(Card Types GTP, GSF, GBT, GRE, and GST.)
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For the second case the NODE-event subroutine must take a number of
actions related to radars, to SAM weapons, and possibly to launch of
parasite targets. The term "current leg" is applied to the line segment
from the current node (the one being processed) to the next flight path *

node. The times at which the current leg penetrates the coverage volume

of each radar set in the defense force are computed, and ENTER and/or
LEAVE events are scheduled accordingly. Each currently held assignment
of a SAM weapon to the target being processed must be examined to deter-
mine if the target course change does or does not allow the assignment
to continue. Depending on the outcome of a series of tests, the time
schedule for such an assignment may be adjusted to a new predicted
intercept point, or the assignment may be terminated or modified through
scheduling of a DROP, TRNSFR, or ABORT event as appropriate. A time
interval is determined with respect to each defense unit during which
new SAM-weapon assignments may be made. If the target does not come

within assignment range of a particular defense unit during the current

flight path leg, or if the defense unit has no SAM weapons, then the
intervel will be of zero width. Otherwise a COMEIN/OUTGO event pair
will be scheduled for the defense unit/target combination at the times

corresponding to the beginning and ending of the assignment time interval;
it is permissible for this time interval to include the entire current
leg, resulting in the COMEIN/OUTGO events being scheduled concurrently
with the initial and terminal nodes respectively of the current flight-
path leg. If launch of one or more parasites is keyed to the flight-
path node being processed (for a launch platform or weapon carrier), the
exact launch and impact points are determined, and an EMERGE event is
scheduled for each such parasite.

Occurrence of an IMPACT event causes assessment of damage to com-
ponents on the targeted defense unit. Damage probabilities are calcula-
ted from an estimate of the severity of the blast, which is derived from
the warhead size of the impacting target, the relative vulnerability of
each ship-based component, the distance of each such component from the
detonation point of the impacting weapon, and the nature of the medium
between the two. Monte Carlo evaluations are made for disablement of
individual components, and DISRDR, DISCHN, and DISLAN events are sched-
uled for the disablement of radar, guidance channel, and launcher sys-
tems as appropriate. The (impacting) target is then removed from the
play of the game, and any radar-detection or weapon-assignment events
affected are suitably modified or canceled. Processing of a VANISH
event (the final node of a nonimpacting target) is similar to the IMPACT
event except for the damage-assessment portion, which of course does not

apply.

*

The coverage volume of a surveillance radar set is determined by the
radar horizon constraint, maximum unambiguous range (scope limit), hor-
izontal search sector limits, and vertical search sector limits.
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An EMERGE event corresponds to the launch of a parasite (impacting
target type) from its launch platform. This event simply schedules the
first NODE event for the parasite, which thereafter becomes an active.
offense unit in its own right.

In the TDHS version of the model, if it is determined during game
play that a prelaunch failure has occurred, then a PRELF event will be
scheduled at the game time which would have otherwise corresponded to
the EMERGE event for the missile. When a PRELF event occurs, the af-
fected cruise missile is simply removed from further consideration.
Subsequent launch times of other missiles from the same launch platform
are unaffected by the occurrence of a prelaunch failure.

Whenever it is determined that a cruise missile is going to suffer
an in-flight failure, the time of failure is assumed to fall anywhere

along its flight path with equal likelihood (uniformly distributed over
the time interval between the EMERGE and IMPACT events for that missile).
An IFFAL event will be scheduled at the selected time, and its occurrence

will be processed in much the same way as a VANISH event.

5.3 Radar Detection Events 3
There are seven event types primarily related to detection of of-

fense units by the surveillance radar network of the defense force: SCAN,
DETECT, PASS, PSSDET, LOSE, ENTER, and LEAVE. Associated with each sur-
veillance radar set is a periodic scan rate equal to the time required
for the radar to make one sweep through its coverage volume. For radars
with mechanically rotating antennas the scan rate is the amount of time
required for one complete revolution of the antenna. Once per scan per-
iod each radar set attempts to detect any live active targets not already
held in a detected status with respect to the radar; this action corres- I
ponds to an occurrence of the SCAN event. The radar-simulation model
employed for this purpose depends on the option selection specified for
the radar set as part of the PGP inputs. 3

If it is determined within a SCAN event that one or more targets
become detected by a particular radar, then a DETECT event is scheduled
for each such radar-and-target combination at the same time as the SCAN I
event (at present game time). Occurrence of a DETECT event causes the
target to be indicated as being in a primary detection status with re-
spect to the radar making the detection and in a secondary detection

status with respect to all other radar sets aboard the same defense
unit. A secondary detection is simply the knowledge of a target's posi-
tion by virture of communication from another radar set able to see the
target (from a radar set holding the target in a primary detection sta-
tus). The DETECT event will also schedule a PASS event at a time cor-
responding to current game time plus a communications time delay. 3

When a PASS event occurs, those defense units able to receive com-
munication transmissions from the defense unit responsible for the
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(primary) detection of a target are identified. If any of the indivi-
dual radar sets on any of these defense units do not hold the target in
a detected status (either primary or secondary), then a PSSDET event
for each such radar set will be scheduled at the current game time.
When a PSSDET event occurs, the specified target is indicated as being
held inma secondary detection status with respect to the designated
radar set.

The LOSE event corresponds to loss of a primary target detection by
a particular radar set due to the target's passing outside the coverage
volume of the radar, the detection radar's becoming disabled through the
effects of an enemy weapon impact, or the target detection's probability
becoming unacceptably low, as when the target enters a fade zone with
respect to the tadar. Occurrence of a LOSE event initiates cancellation
of the corresponding primary radar-target detection status and cancella-
tion of any secondary detections found to depend on the existence of the
just-canceled primary detection. This may cause reactivation of other
radar sets as explained below.

To conserve computer running time, radar SCAN events are allowed to
be scheduled only when there are one or more live active targets not
held in a detected status with respect to a particular radar and when
at least one such target is within the coverage volume of the radar set.
The ENTER and LEAVE events, scheduled by the target-NODE-event sub-
routine, define the time interval(s) during which each target is within
the coverage volume of each radar set.

A radar set is said to be "activated" whenever there is a SCAN event
scheduled for it in the game-event calendar. Initially no radars are
activated, and an ENTER event must occur for activation to take place.
If an ENTER event occurs for a target not held in a detected status
(primary or secondary) by a nonactivated radar, then the radar will be
activated, and a SCAN event will be scheduled for it at a time displaced
from current time by a random fraction of the radar's scan rate. There-
after the SCAN event for that radar will regenerate itself at regular
intervals (so that the time between successive SCAN events for the radar
is equal to its scan rate). Whenever all live active targets within the
radar's coverage volume have become detected, the SCAN event will not
regenerate itself, and the radar will become deactivated until an ENTER
or LOSE event causes reactivation.

Occurrence of a LEAVE event corresponds to a target's passing out-
side of the coverage volume of a particular radar set. If the target
is held in a primary detection status with respect to that radar, then
a LOSE event is scheduled at the current game time, to be processed as
described above.

Of the previously discussed seven event types related to detection
of offense units by the surveillance radars of the defense force, only
two (ENTER and LEAVE) remain active in the TDHS version of the model.
In addition the following eleven new event types have been defined for

5-5



the detection and tracking process within the TDHS: TRKSUP, TRACKR,
NEWDET, SPLITK, LATEDT, LATESP, UPDATE, MISSTK, DROPTK, WAKEUP, and
SLEEP.

The track supervisor is said to be activated whenever there is a 3
TRKSUP event scheduled for him in the game-event calendar. Initially no
TDHS operators are activated, and an ENTER event must occur for the
first activation to take place. As before, the ENTER and LEAVE events,
scheduled by the target NODE event subroutine, define the time inter-
val(s) during which each target is within the coverage volume of each
radar set. When the first target enters the coverage volume of the radar
to which the track supervisor is assigned, a TRKSUP event will be sched- I
uled at a time displaced from the entry time by a random fraction of the
radar's scan period. Thereafter the TRKSUP event will regenerate itself
at irregular intervals (depending on the task being performed by the 3
track supervisor and the associated service time).

Whenever the first TRKSUP event occurs, the appropriate radar simu-
lation routine is called to produce an array of video data representing
the position coordinates (including radar errors and centroid effects)
of detectable targets. The track supervisor will then proceed to estab-
lish a new track within the TDHS for each such video return, taking a i
suitably selected length of serving time between each successive track
establishment to represent the amount of time required for him to make
the necessary console-button-pushing operations. 3

As the first track is established (and for each multiple of a
selected threshold value) a DET/TRK operator is activated through the
device of a WAKEUP event. The WAKEUP event is displaced from the track I
establishment which triggered it by a delay time representing the time
required to get an operator alerted from an idle status. Initially no
DET/TRK operators are activated and a WAKEUP event must occur for acti- I
vation to take place. A DET/TRK operator is said to be activated when-
ever there is a TRACKR event scheduled for him in the game-event calendar.

A new detection (NEWDET) event or a late detect (LATEDT) event for I
close-in targets signifies establishment of a new air track within the
TDHS. Similarly, when multiple video correlate with a given track, a
split-track (SPLITK) or late-split (LATESP) event is scheduled. I

When a TRACKR event occurs, the primary and secondary zones of in-
terest are computed relative to the current pointing direction of the
radar to which the operator has been assigned. If a track eligible for
automatic sequencing is available within the zone of interest, the TRACKR
event causes the radar video and track symbology to be updated as
appropriate. Thereupon a correlation process, based on the reachable I
set concept, is used to assign video returns to corresponding track
symbology.

The video assigned to the sequenced track (the track to which the
DET/TRK operator's attention has been directed) will then be used to
enter a new position report (including operator ball tab error) by 3
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virtue of scheduling an UPDATE event in the game calendar. The TRACKRU event would thereupon reschedule itself, after a suitable delay-time
interval representing the period during which the DET/TRK operator is

occupied making the necessary console-button-pushing operations.

Should no video correlate with the sequenced track, then a missed-

report event (MISSTK) is scheduled for the track and the TRACKR event

reschedules itself after the time required for the radar to sweep

through the entire width of the operator's zone of interest.

After a predetermined number of successive missed-track reports, aI given track becomes eligible to be dropped from the TDHS by the track

supervisor. On a time available basis (e.g., when there are no addition-

al new detections to be entered) the track supervisor will schedule a

drop-track event (DROPTK) for a track which no longer has correlating

video available.

As the workload is lessened in the TDHS (by virtue of a successionU of drop-track actions), it may be appropriate to deactivate one or more

of the DET/TRK operators. This is accomplished by application of a

decision threshold and, when appropriate, scheduling a SLEEP event forI an operator; this will have the effect of removing the operator's next

scheduled TRACKER event from the game calendar.

5.4 Threat-Evaluation and Weapon-Assignment Events

There are ten event types primarily associated with threat evalua-I tion and weapon assignment : TEWA, ASSIGN, LAUNCH, INTCPT, RELEAS,
TRNSFR, ABORT, DROP, COMEIN, and OUTGO. The TEWA (threat evaluation and

weapon assignment) event involves several large subroutines and like

event type NODE is one of the most complex event types in the simulation

model. A TEWA event sequence is associated with each defense unit

having SAM firepower capability. Scheduling of the initial TEWA event

for a defense unit is triggered by the first detection made with respectI to that defense unit; this TEWA event is displaced in time from its

generating DETECT event by an evaluation reaction time, the value of

which is specified on the GP input data card. Thereafter the TEWA eventI for the defense unit regenerates itself according to a time interval

either as specified on the GP input data card or as determined by the

next earliest time of weapon availability.

The total number of targets within SAM assignment range of any

given ship is kept by incrementing a counter by one each time a COMEIN

event for a particular ship occurs (and by decrementing the counter by

one each time an OUTGO event for it occurs). Whenever the in-range
target counter for a particular defense unit is incremented from 0 to 1,

a TEWA event is scheduled for that ship unless there is already one inI the game-event calendar.

When a TEWA event occurs, the value held in the in-range target

I counter for that defense unit is tested. If the value is 0, control

5-7



will be returned immediately to the main program without scheduling a
future TEWA event for the ship. Otherwise a preliminary check is made I
to determine if the specifed defense unit has any weapons available for
possible assignment during the current TEWA interval (between current
game time and the latest time at which the next TEWA event for this de-
fense unit will occur). If no weapons are available, due to engagements
in process and/or to disablement of necessary weapon system components,
the event will proceed no further but will simply reschedule itself for
the earliest time at which a weapon will become available.

If one or more weapon systems are found to be available on the de-
fense unit, then the TEWA routine will produce a threat-ordered list of
the targets currently held in a detected status with respect to the de-
fense unit using a threat-ordering algorithm patterned after the proce-
dure used within the Naval Tactical Data System (NTDS). Threat ordering
is done with respect to both own ship and the task force Vital Area Cen-
ter. Preference is given to self-defense, and then to area defense,
with threat-number ties being broken by random-number selection. 3

Offense units found to have sufficiently high threat numbers are
then considered for possible engagement by SAM weapons. The weapon
assignment routine verifies availability of the necessary weapon-system
components, performs a trial intercept calculation, determines if the
predicted intercept point lies within the performance envelope of the
missile type being considered, and checks the guidance channel con-
straint expressions to insure that they are satisfied throughout the
expected duration of the assignment. If more than one SAM system
aboard the defense unit is capable of engaging the designated target,
preference will be given in the following order: I

1. To the system having the higher priority missile type, where
missile priority is inversely related to maximum range cap-
ability (reflecting missile replacement costs),

2. To the system able to achieve the earliest assignment time |
within the current TEWA interval, and finally,

3. To the system having the greatest number of missiles remain- 5
ing in its launcher magazine.

Once a SAM system has been selected for the assignment, and ASSIGN event
will be scheduled in the game calendar, and if weapons are still avail-
able on the defense unit, another target will be considered for possible
engagement. This process will continue until there are no more engage-
able targets or no more weapons available on the defense unit. I

The ASSIGN event indicates the pairing of a weapon and a target as
determined in the TEWA process. The corresponding LAUNCH event is then
scheduled for a time displaced from the ASSIGN time by the target
acquisition delay of the guidance system and the firing circuit activa-
tion delay of the selected missile launcher. 3
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Occurrence of a LAUNCH event corresponds to the firing of a SAM

from its launcher. The computer time of flight to the predicted in-

tercept point is then used to schedule the subsequent INTCPT event.

When the INTCPT event occurs, a Monte Carlo evaluation is made to

determine if the missile succeeded in inflicting lethal damage to its

assigned target. If so, a second random sampling is made to establish

the time required for the target to die (to become ineffective and eli-

gible for removal from the play of the game) and a DIE event for the

target is scheduled accordingly. If the time of death so computed is

earlier than any previously held time of death for that target, then the

later DIE event is removed from the game calendar. At this point the

SAM system is tentatively given credit for killing the target.

The INTCPT event also causes scheduling of a RELEAS event for the

SAM system at a later time, following the kill-evaluation delay period

associated with the weapon type used. Occurrence of the RELEAS event

simply releases the weapon system from its most recent engagement,
making it available for a new assignment.

However not all SAM engagements can be expected to go smoothly from

the ASSIGN to the RELEAS event. Some of the possible causes for dis-

ruption of the normal sequence of events in the history of a SAM engage-

ment are:

* The target may change its course in such a manner that

interception by the assigned missile is no longer posssible
due either to performance-envelope restrictions or to vio-

lation of the guidance-channel-constraint expressions;

* The target may be killed by another missile system (target

preemption);

* The target may cease to exist, by reaching its final flight-

path node (this will normally only happen for impacting
target types);

e One or more necessary components of the SAM system may be
disabled due to the effects of an enemy weapon impact.

Depending on the nature of the disruption, the time at which it occurs

(relative to the predicted SAM engagement history), and the availability

of other nearby (indistinguishable) targets,the SAM engagement may be

dropped, transferred, aborted, or simply released.

A DROP event will be scheduled if the assignment cannot be completed

and if the missile (salvo) has not been irrevocably committed to the

engagement. Thus, if the launcher firing circuit has not yet been acti-

vated, the assignment will be scratched with no missile expenditure.
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If the SAM engagement in question has already achieved its inter-
cept, then the disruption will have little effect on that assignment I
except that the weapon system release may be scheduled for a slightly
earlier time.

A TRNSFR event will be scheduled if the launcher has been fired
(but target interception has not yet occurred), and there is available
another target to which the assignment may be transferred. The rules by
which eligibility for transfer is decided are under control of the pro- I
grammer so they may be made prohibitive (no transfers allowed), restric-
tive (transfer allowed to another target occupying the same radar reso-
lution cell as the original target), or permissive (according to vir- I
tually any other criteria desired). After a TRNSFR event the remaining
engagement events (e.g., INTCPT, RELEAS) will proceed as if the assign-
ment had been originally made to the new target except that they may be

rescheduled to reflect a different intercept time.

If the missile has been irrevocably committed to the engagement and
transfer to another target is not possible (or allowed), then an ABORT I
event will be scheduled which will terminate the engagement with the un-
productive expenditure of the missile salvo.

This area of the simulation model is currently deactivated in the
TDHS version. To bring the TEWA functions into the TDHS SPEARS, it will
be necessary to key those functions to track-history data rather than to
actual target-position data as is done in the parent model.

5.5 Attrition of Offense Events 3
There are two event types primarily related to kill, damage, and

disablement of offense units: DIE and VICTIM. Both event types relate
to the attrition of offense units through the effects of defensive mis-
sile firepower and result from the occurrence of an INTCPT event.

Scheduling of a DIE event for a target results from one or more 3
successful intercepts by defensive missile firepower, as previously dis-
cussed. If the target has reached its final flight-path node (with a
VANISH or IMPACT event) prior to occurrence of the DIE event, then no I
further action is taken since the target would have been already removed
from the game play. Otherwise the target is tagged as being "dead" and
the SAM system reponsible for the DIE event is credited with a target
kill, The target is then removed from the game plan in much the same
manner as in the VANISH and IMPACT events. In addition any unlaunched
parasites or in-flight targets dependent on the killed target for
guidance signals will be attrited through the use of a VICTIM event type I
scheduled concurrently with the DIE event (at current game time).

Occurrence of a VICTIM event for an unlaunched parasite involves 3
nothing more than tagging the target as dead and crediting the responsi-
ble SAM system with an additional target kill. If the VICTIM event
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applies to a dependent in-flight target (e.g., a cruise missile requir-
ing guidance from its launch vehicle), additional action must be taken
to remove the target from the game play, again in much the same manner
as in the VANISH and IMPACT events.

5.6 Failure, Damage, and Repair of Defensive Units

There are eight event types associated with the failure, damage,
and repair of defensive units:

* IMPACT - An enemy air-to-surface missile, having a ship in the
task force as a target, has detonated;

* DAMAGE - An element is damaged by a detonation of an air-to-
surface missile;

* FAIL - An element fails;

* DOWN - An element becomes inoperable because of a DAMAGE or
FAIL event;

* REPAIR - The repair of an element (for which a DOWN event has
occurred) begins;

* UP - The repair of an element is complete;

* OFF - An element becomes inoperable because either it is
down or another element on which the operation of this element
depends has become inoperable;

* ON - An element becomes operable because the element itself
is up and all elements upon which its operation depends are operable.

The relationships linking these event types are indicated in
Fig. 5.6-1. In the figure the events are represented by boxes. A solid
pointer indicates that one event can possibly generate another event as
in the case of an IMPACT event generating one or more DAMAGE events, but
a dashed pointer indicates that an event can possibly cancel another
event. An example of the latter is that a DOWN event can cancel an UP
event which has been scheduled by an REPAIR event (the repair has begun
but is not yet complete).

Each ship in the task force is represented by a collection of ele-
mentary costing units, referred to as elements. Examples of elements
include a propeller shaft, a fire-control computer, a launcher rail, a
radar antenna, a radar system, and an entire ship. In these examples
the components are not necessarily mutually exclusive. In fact many
shipboard systems are represented conveniently by elements that are not
mutually exclusive.
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Fig. 5.6-1 -Relations among events. Solid pointers
indicate possible generation, and dashed pointers 

indicated possible cancellations. 

In terms of the model an element is an abstraction described by 
various parameters detailing its location, reliability, and vulnerabil-
ity as well as its functional dependency upon other elements. It is as- f
sumed that each element can be treated as a point object for the purposes 
of damage assessment.

As the play of the game progresses, an element may have become in-|
operable for one of three reasons: the element may have been damaged
by the detonation of an enemy missile that has penetrated the fleet's
defenses, the element may have failed randomly, or another element on 
which the operation of this element depends may have become inoperable .
If an element becomes inoperable, any other elements whose operation de-
pends on that element will remain inoperable at least as long as it does. 
Given that no additional elements fail or are damaged, the cost of the 
element becoming inoperable is the cost of restoring it to operational
status plus the mission-dependent cost associated with it.

During the play of a game elements become operable and inoperable 
as elements fail or are damaged and repairs occur. Concurrently the
cost to the fleet of these events is computed, and the defensive capa- 
bility of the fleet is reflected through the operability states of sets 
of elements representing ships in the fleet. The occurrence of any one
of the event types above represents an incident that has a significant
effect on the cost calculation and/or the general operability of the 
fleet. A detailed discussion of the calculations involved in each of 
these event types is contained in Ref. 3.
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5.7 Disablement Events

There are three disablement-event types: DISRDR, DISCHN, and DISLAN.

Whenever an OFF event occurs for a surveillance radar, a guidance
radar channel, or a missile launcher, a DISRDR, DISCHN, or DISLAN event
will be scheduled as appropriate. The DISRDR event disables the speci-
fied surveillance radar set and cancels any of its currently held primary
detections (through the use of the LOSE event type discussed previously).
The periodic scan of the radar is inhibited, and no further detection
events are related to the radar while it is disabled.

The DISCHN and DISLAN events disable the specified guidance channel
and launcher, respectively, and cancel or modify any currently held missile
assignments affected thereby. In addition to the effects on current SAM
assignments, disablement of guidance channels will affect future weapon
availability as reflected in the guidance channel constraint expressions,
where the (scalar) number of currently active channels is a factor in
these expressions. Similarly, disablement of a SAM missile launcher
will affect the future availability of the weapon system of which it was
a component part. The occurrence of an ON event however for any of these
elements restores its availability to the game.
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INPUT CARD FORMATS



defines exactly one defense unit (ship or AEW aircraft) and refers to the

previously defined ship types by an index calue. Card Types SR and SL

are used to specify sector constraints for the surveillance radars and

missile launchers on defense units as appropriate. Unless otherwise

specified, a default value of 3600 coverage is assumed for each radar

and each launcher. Similarly Card Types OR and OG specify radar simula- 3
tion model options for surveillance radars and guidance channel groups.

Simulation model option 1 is assumed as a default value. Card Types CM 3
and CS modify the default conditions for the intership communications

links.

If impacting weapons are included in the raid structure, then at

least one weapon profile must be defined with Card Type RW. A Master 3
Flight Path (Card Types RM and RNF) must be defined prior to the genera-

tion of any offense units. An NFP may have from two to 15 nodes, describ-

ing a piecewise linear flight path in three dimensions. Nonimpacting

targets (Card Type RA) travel along the most recently defined NFP, with

displacements as specified for each individual target. Parasite or 3
impacting targets (Card Type RAP) must follow directly behind their

parent launch planes in the input deck. An example of the use of the 3
card types defined in this appendix is presented in Appendix H.

Card Types TST, TSV, and RAP* (a modification of RAP) are unique to the TDHS 3
version of the model and have been placed in italics.

3I
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A
Table Al - PGP Input Card Types 

Card I Reading I Using P o Card Page
Type Routine I Routine Purpose I Format I Number

C GENER8 GENER8 Pregame processor control 1 A- 4

TM TYPGEN MSLGEN Missile-type header 1 A- 8
TMp MSLGEN MSLGEN Performance envelope 2 A- 12
TMT MSLGEN MSLGEN Time-of-flight data 2 A- 14
TML MSLGEN MSLGEN Missile lethality data 3 A- 18
TP TYPGEN CMPGEN Component type header reliability and 1 A- 20

vulnerability data
TPO CMPGEN CMPGEN Reference peak overpressure 3 A- 24

TL TYPGEN LCHGEN Launcher type l A- 26

TR TYPGEN RDRGEN Radar-type header 1 A- 28
TRI RDRGEN RDRGEN Integer parameters 3 A- 30
TRF RDRGEN RDRGEN Real parameters 2 A- 34

TG TYPGEN GCGEN G.C.C.G. type header l A- 38
TGP GCGEN GCGEN Transition points 3 A- 42
TGC GCGEN GCGEN Constraint vector 3 A- 44
TGA GCGEN GCGEN Constraint array 3 A- 46

TE TYPGEN ECMGEN ECM loading group I A- 48

TC TYPGEN CSGEN Cross-section group l A- 50
TCD CSGEN CSGEN Reflection data 2 A- 54

TS TYPGEN SHPGEN Ship-type header 1 A- 56
TSR SHPGEN SHPGEN Search-radar configuration 3 A- 58
TSG SHPGEN SHPGEN Weapons configuration 3 A- 60
TSC SHPGEN SHPGEN Component data 3 A- 64
TSH SHPGEN SHPGEN Hull geometry 3 A- 68
TSS SHPGEN SHPGEN Rectangular solid geometry 3 A- 72
TST SHPGEN SHPGEN Track supervisor operator assignments (TDHS) 3 A- 76
TSV SHPGEN SHPGEN Component vulnerability (TDHS) 3 A- 78
TSX SHPGEN SHPGEN Ship-type trailer card 3 A- 80

TT TYPGEN TGTGEN Target type 1 A- 82

TX TYPGEN TYPGEN Trailer card 1 A- 86

BF BOLGEN BOLGEN Boolean function card 7 A- 88
BFC BOLGEN BOLGEN Boolean function continuation card 7 A- 92
BX BOLGEN BOLGEN Boolean function trailer card 7 A- 94

DF DEFGEN DEFGEN Defense unit 4 A- 96
DX DEFGEN DEFGEN Trailer card 4 A-100

SR SECGEN SECGEN Radar sector 3 A-102
SL SECGEN SECGEN Launcher sector 3 A-106
SX SECGEN SECGEN Trailer card 3 A-110

OR OPTGEN OPTGEN Option for radars 6 A-112
OG OPTGEN OPTGEN Option for guidance-channel groups 6 A-114
OX OPTGEN OPTGEN Trailer card 6 A-116

CM COMGEN COMGEN Communications-link modification 6 A-118
CS COMGEN COMGEN Communications-link initial status 6 A-122
CX COMGEN COMGEN Trailer card 6 A-124

EN ENVGEN ENVGEN Environmental data 2 A-128
EX ENVGEN ENVGEN Trailer card 2 A-130

RW RAIDGN WPNGEN Weapon profile data 5 A-132

RM RAIDGN MFPGEN Master-Flight-Path header 5 A-136
RMG MFPGEN MFPGEN MFP Data 2 A-138

RA RAIDGN ACGEN Offense unit 5 A-142
RAP ACGEN ACGEN Parasite data 5 A-144
RAP* ACGEN ACGEN Parasite data for TDHS version 5 A-148

RX RAIDGN RAIDGN Trailer card 5 A-152
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Amplification of Card Type C

Card Columns Description

1 The label "C" indicates that this card is the Pregame

Processor control card.

6-25 20-character field identifying the input data set--this

field is written as the first record on the replication

data file. It may be used later to readily identify a

file on tape and it also appears on the game execution

package summary listings.

26-30 These card columns are presently unused.

31-35 A value of 0 or blank indicates that Type data are to be

read from cards only; a value of 1 indicates that Type

data are to be read from tape and may or may not be

supplemented with Type data from cards.

36-40 Option controlling the printing of Type data where the

value 0 or blank means include only the newly defined

types (i.e., those types read from the card reader file)

in the input summary, and a value of 1 means print all

types for which there is data.

41-45 A value of 0 or blank indicates that Type data are not

to be written on tape; a value of 1 indicates that a

Type data file is to be written if the data are found

to be error free. If a Type data file is written, an

existing file will be lost since the new file overwrites

the old one.

46-50 Print option where the value 1 means produce a single-

spaced listing of all card inputs, printing each card

with the same format used for reading the card (which
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Amplification of Card Type C (Concluded) |

Card Columns Description I
means it is not truly an 80-80 listing since the formats

are not strictly FORTRAN A-type conversion); a value of I
O or blank means this listing is not desired.

51-55 A value of 0 means that no replication data files are to i
be saved so that replication data for this game will be

on the second file (the first file is always the Type data).

A nonzero value specifies the number of existing replication 5
files to be saved. Note that a value of zero (0) will be

assumed if a request is made to rewrite the Type data--it

would be unwise to expect that the new Type data file has I
exactly overwritten the old file.
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Amplification of Card Type TM

Card Columns

1-2

6-25

26-30

31-35

36-40

Description

The label 'TM" indicates that this card is a missile

type header card.

20-character field which may be used to assign a name to

the missile type being defined.

Identification number (NMT) for this missile type.

The number of nodes of the convex polygon describing the

performance envelope of missile type NMT. The nodes are

listed in counterclockwise order and define the boundary

of a vertical section of the performance envelope.

Option number for time of flight data. The available

options are:

N 

=1Option 1: T f(H,sin 0) =

N
1

Option 2: T f(H,Z) =

N2

j=l

N2 ~ A(i,j)H j- [sineil

j=l~ $
A (i,j)H -Z i-li

Option 3: Tf (H,Z)

( 2 22
\H + Z /
A )
I Ii

where H = Horizontal range from missile launcher to target

e = Vertical angle to the target relative to a

horizontal plane passing through the missile

launch position
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I
Amplification of Card Type TM (Continued)

Card Columns Description

A = matrix of polynomial coefficients (for

Options 1 and 2), or altitude, range, and
average speed values (for Option 3)

N1 = number of rows in matrix A (2 < NI < 7)

N = number of columns in matrix A (2 ! N2 • 7)

z = altitude of target above the missile launcher

A = an average missile speed such that
ij

A(i-l,l) < Z < A(i,l), 2 < i < N

A(l,j-l) < H < A(l,j), 2 • j < N2

A(l,l) = 0 for Option 3.

The value of

The value of

I
NI as defined for Options 1, 2, and 3 above. I
N2 as defined for Options 1, 2, and 3 above.

Option number for missile lethality data. The general form

is a 3-tuple (p li,p2i ,p3i ) associated with each vulnerability

group i. The options are:

Option 1: Pli PKM

= P(Killftarget in vulnerability group i}

p . = 1/X. = mean time to die (after
2i I

missile-target intercept) for a

target in vulnerability group i.

A negative exponential distribution

is utilized so that the time interval

from intercept to target death is:
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Amplification of Card Type TM (Concluded)

Card Columns Description

T(i) p2i[in (ip)

where p = a uniform random number

sample.

P3i is unused for Option 1:

Option 2: P P i
li K

=P(Killitarget in vulnerability group i}

P2i = >(i) = mean of the underlying normal

distribution for a log normal time to

die distribution

P3i = a(i) = standard deviation of the

underlying normal distribution for a

log normal time to die distribution.

56-60 The number, N3, of vulnerability groups (the number of 3-tuples)

for which there are lethality data defined for this missile

type.

61-65 Cost per unit missile of this type expressed in thousands of

dollars.
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Amplification of Card Type TMP

Repeat as many cards of this type (up to 3 cards) as is necessary to

describe all of the missile type performance envelope nodes. Each card must

have the letters IMP in columns 1-3. The nodes are given in terms of range

and altitude, both in thousands of feet, and are listed in counterclockwise

order. The fields used for the first node (i.e., columns 6-15 and 16-25 of

the first card) are used to describe the missile type minimum and maximum

intercept range, respectively, since the first node is assumed to be at

(0,0). The nodes describe a vertical-half-plane section through the missile

type's performance envelope and are assumed to define a convex polygon.
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Amplification of Card Type IMT

Repeat as many cards of this type (up to 7 cards) as is necessary

to describe all of the elements of the missile type time of flight data

array. Each card must have the letters TMT in columns 1-3. The elements

of the data array must be listed columnwise, i.e.,

(A(l,l), A(2,1), ..., A(N191), A(1,2), A(2,2), ..

A(N1 2), ..., A(N1,N2

For Options 1 and 2 (see Card Type TM) the array elements, A(i,j),

are interpreted as polynomial coefficients. For Option 3 the array is

interpreted as follows:

0o R R
2 3

z S S
2 2,2 ,2,3

z
3

z
N
1

S
3,2

S
N ,12

S
3,3

SN J3
1'

... R
N 2

... S2N
2,N

... S
3,N

S

.N, N2

= 0 (always)

= an average speed value used to compute

missile time of flight for an intercept

at range R and altitude Z such that

z < Z Zi-l i}
R. <R •R*.
j-l 
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Amplification of Card Type TMT (Concluded)

Note that for Option 3, the value of ZN = A(N1,l) must be at least
1

as large as the maximum intercept altitude allowed by the missile type

performance envelope. Similarly, RN = A(1,N2) must be at least as large
2

as the maximum intercept range.
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I
DESCRIPTION

1*

DISPOSITION

1

Label N/A N m 

(Unused Integer) N/A w ]
< w z o o Lethality Parameter, Pa M a

(5

',/

0 a1
M MSLPK (NMT)b

a

-C)

C

C
0

t.

0a

0

NINa
.0a

a

0

Na1

0 3 MSLPK1 (NMT) 

- 0 NJ~~

NJH 0 p ~~~~~~~~~~~~MSLPK (NMT) ~
P12 d

NJ 0 N

C',~~~~~~~~~~~~~~~~~~~~
0 n ~~~~~~~~~~MSLP (NMT) -- G

0 ~~~~~~22 Pe z

MSLPK (NMT)

C,~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~NS

a o p ~~~~~~~~~~~~MSLPK (NMT) li

* ~~0

a>

(Continue as required on up to three~~J' * ~ additional cards) 

a a~~v 

09 ON~~~~

0N-, * S3, N3

x

I
(Sequence Field)

I

N/A Ii.
1I.1
'NJ'
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Amplification of Card Type TNIL

Repeat as many cards of this type as is necessary to describe a

lethality 3-tuple for each of the N3 vulnerability groups specified on

Card Type TM. Interpretation of the lethality 3-tuples within the

simulation model will be in accordance with the option number specified

in columns 51-55 of the Card Type TM, and each Target Type will be

assigned to a vulnerability group on Card Type TT (columns 31-35).
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C -~~~ 

00 0 x 1000 for ~~~~~ICTPARe
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a
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V
0
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ICTPARl
(ICT)

I
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Amplification of Card Type TP

W A component may be considered to be any entity associated
with a ship (or defense unit) whose functioning may be essentialI to the operation of other shipboard elements and whose failure and/
or damage in battle may contribute a cost to the task force.

* aCard Columns Description

1-2 'TTP" label indicating this isI a component type data card.

6-25 20-character field which may
be used to assign a name to this
component type.

26-30 Identification number for this
component type, which is used as
a reference number when defining
components within ship type.

U 31-35 Expected time between spontane-
ous failures of this component
type, given in quarter hours.

36-40 Replacement cost of a component
of this type, expressed in thou-
sands of dollars.

41-45 Vulnerability factor of E[R] x
1000, where R is the percentageI cost in terms of current value
of a component of this type, and
the expectation of R is calculatedI given that the peak overpressure
the component sustains is the ref-
erence peak overpressure defined

3 below.

46-50 Variance of R factor of K x 1000,
where Var[R] = K~p(l-gp), in

M which gp is the expectation of R
given that the peak overpressure
is p.

51-55 Failure factor of E[R] x 1000,
where R is the percentage cost in
terms of current value of a com-
ponent of this type.

56-60 Expected repair delay time, ex-I pressed in minutes.
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Amplification of Card Type TP Continued

Card Columns

61-65

66-70

71-75

76-80

Description

Expected time to die, expressed
in seconds.

Standard deviation of time to
die, expressed seconds.

Expected repair rate, expressed
in dollars/hour.

Standard deviation of repair rate,
expressed in dollars/hour.
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Amplification of Card Type TPO

* Card Type TPO is a continuation of component type data, and
* immediately follows Card Type TP.

Card Columns Description

1-3 "TPO" label, indicating this is
a continuation component type
data card.

6-10 Reference peak overpressure ex-I pressed in pounds/square inch,
which is defined to be that
overpressure at which the proba-

* bility the component is damaged
is 0.5.
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DESCRIPTION

Label

DISPOSITION

N/A tico Kx

u _ = = - (Unused Integer) N/A m

-mm
-Om

(4>

_ > > LCHTNM Gz)
Launcher Type name (I,LRT), u

I=1,N20BCD _

Ww ~~~~~~~~~~~~~~~~~~M
(a _ (atss t

3 m Launcher Type number N/A z

_ _ o o ~M is s l T- y p * l* unche d by this LCH PAR (LRI) w 

E O _ 0 oq Launcher Type c

S g ~~~ o Magazine capacity (number of missiles LCHPAR (LRT) 

51 0 _ n available) 3

O O t o oM Number of rails on this Launcher Type LCHPAR (LRT) >

(a ( o o Intr-rail firing delay LCHPAR (LRT)

u en t C n Cycle time for reload LCHPAR (LRT)

O m 8 o 0 Button pushing delay LICHPAR (LRT) s

_ 

e4 e n _

i4 (4-- 

(4 en_4

(Sequence Field) N/A

I�'Iki
1.41
I-I

1.41Ii

0

0
w

(I

Ma

0-

P

0
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Amplification of Card Type TL

Card Columns

1-2

6-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

Description

The label "TL" indicates that this card is a launcher
type card.

20-character field which may be used to assign a name to

this launcher type.

Identification number for this launcher type.

Missile type launched by this launcher type (see Card

Types TM, TMP, TMT, TML).

Capacity of the launcher type's missile magazine.

The number of rails on this launcher type.

Inter-rail firing delay (i.e., the time that it takes
a launcher that has just fired to be ready to fire

again, given that at least one loaded rail remains).

Cycle time for reload (i.e., the time that it takes a

launcher that has just fired a missile from its last

loaded rail to be ready to fire again).

Button pushing delay (i.e., the time between activation

of the launcher firing circuit and the actual firing of

a missile salvo).
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DESCRIPTION

Label

DISPOSITION

N/A

I
IC

v| 9| l l l (Unused Integer) N/A -

v B > . RDRTNM
e > Radar Type name (I,NRDR), _
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A - Cl NJ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rq
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Amplification of Card Type TR

Card Columns Description

1-2 The label "TR" indicates that this card is a radar

type header.

6-25 20-character field which may be used-to assign a name

to this radar type.

26-30 Identification number (NRDR) for this radar type.

31-35 Radar frequency band index, where 1, 2, 3, 4, or 5

represent P-, L-, S-, C-, or X-Band respectively.

36-40 Target acquisition delay time for fire control radars.

This delay represents the mean time from assignment of a

fire-control radar to a target to the acquisition of the

target by the radar. This delay is not applicable to

surveillance radar types.

41-45 Kill evaluation delay time for fire control radars.

This delay represents the mean time from intercept of

a target to the assessment of the intercept.

46-50 Surveillance radar scan period. This parameter is not

applicable to fire-control radar types.

51-55 Maximum unambiguous range, or scope limit, in kft.
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Amplification of Card Type TRI

The fields described below are for radar simulation model Options 1

through 4 which require up to 14 integer values. Other options, not yet

defined, may require additional integer values; these would be specified

on one or more additional Type TRI cards. The simulation model option

for an individual radar set is selected in the Defense Generator.

Card Columns

1-3

6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

Description

The label "TRI" indicates that this card contains

integer parameters for the radar type being processed.

Radar wavelength in centimeters.

Receiver IF noise bandwidth in megahertz.

Transmitter antenna gain in db.

Receiver antenna gain in db.

Sidelobe level in db down from the receiver main beam.

Transmitter losses in db.

Receiver losses in db.

Receiver noise figure in db.

Number of pulses integrated.

False alarm probability factor, a, where a = -log 1 Pf

(i.e. Pf = 10Pa
fa

Horizontal antenna pattern function index.

Vertical antenna pattern function index.
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IAmplification of Card Type TRI (Concluded) 

Card Columns Description

66-70 Applicability of gimbal constraint (gc), raster

constraint (rc), and pencil beam constraint (pc)
packed as:

l00*gc + 10*rc + pc ,

*
71-75 Applicability of closing speed resolution (sr).,

range resolution (rr), horizontal angle resolution (hr),

vertical angle resolution (vr), and perfect resolution

(pr), packed as:

10 *sr + 10 3*rr + 10 *hr + l0*vr + pr.

IApplicable if equal to 1; otherwise 0.|

II

A-32 



(This page blank)

A-33



LiiLii

0
M~
-4

> r, 10 > Irn> DESCRIPTION

Label

DISPOSITION

N/A

1..

(Unused Integer) N/A -

_.0 N * _ 1st real parameter for Radar Type NRDR RC(1,NRDR) MM

Izz

C X > * * 2nd real parameter RC(2,NRDR) _

Li .4*_ 

t3 . o.l iuain oe pin4 

4) _ Shra prmtriCND)

- ~~~~~~~~~~~~~~~~~z*~~~~~~~~~~~~~~~~~

Li -N ~~(Continue as required for the number

0 ~~~~of floating point parameters specified 

a, ~~~~for all simulation model options *r
Li ~~~~defined) M

O0~

0 a-ia~~~~~~~~~~
* * ~~~~~~~~~~~~~~00

_ _ ra p
o _ _t

Li 

*~~~~~~~~~~~~~a C,.~~~~~~~~~~~~~~~~~~~~~~~

x (Sequence Field) N/A H1.41
Hal
I�I
EarnAPI ¶1

A-34

I
I

-Iz-n zOc
IMKI M 0

0C

0

'O

O,

a

CD

I-I

0

0.
$i

C,

Li

0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

a

I

L-J;;

I

i

z

2

i

I

.I
CI
II
II
I

I
II
I
I

I
i
I

I

I

II
II
I

I

II

I
i
I

I

I

i

i
I
i

i

I

i

::I 
,

MM
In



Amplification of Card Type TRF

The fields described below are for radar simulation model Options 1

through 4 which require up to eight floating point values. Other options,

not yet defined, may require additional floating point values; these would

be specified in additional card fields as required. The simulation model

option for an individual radar set is selected in the Defense Generator.

Card Columns

1-3

6-15

16-25

Description

The label "TRF" indicates that this card contains the
floating point, or real parameters for the radar type
being processed.

RC(1,NRDR). Lower bound of the vertical

coverage for this radar type in degrees

or below (< 0) the radar horizon.

RC(2,NRDR). Upper bound of the vertical

coverage for this radar type in degrees*
or below (< 0) the radar horizon.

angle

above (> 0)

angle

above (> 0)

26-35 RC(3,NRDR). Receiver horizontal 3db beamwidth in
*

degrees

36-45 RC(4,NRDR). Receiver vertical 3db beamwidth in
degrees . This parameter is ignored if the antenna
pattern specified is other than a pencil beam.

46-55 RC(5,NRDR). Peak power level in the transmitted pulse
in megawatts.

Angular values are converted and stored in units of radians.

Coverage below the horizon applies to targets at ranges less than R
(the range to the horizon for a zero altitude target) which may
have negative elevation angles but are visible nevertheless.

A-35

4



I
Amplification of Card Type TRF (Concluded)

Card Columns Description

56-65

66-75

Second card

1-3

RC(6,NRDR). Transmitted pulse length in microseconds.

RC(7,NRDR). Received pulse length, after compression,

in microseconds. (Differs from the transmitted pulse

length by the pulse compression ratio).

I
The label "TRF".

RC(8,NRDR).

in kft/sec.

The speed (doppler) resolution parameter

A-36
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Amplification of Card Type TG

Each missile launcher has associated with it a guidance channel group

of one or more guidance channels, or information processors. Many guidance

| channel groups within a task force may follow the same laws or rules

governing multiple, simultaneous engagements, and a constraint group type

3 is simply a collection of parameters describing the behavior of a family,

or group, of guidance channels. The form and application of the constraint

| expressions are as follows.

3 For any missile assignment, define the state of the assignment at

time t to be the number of inflight transitions having been passed through

9 at that time. Thus, the assignment is in state 0 at launch time and

state NT (the number of inflight transitions) at intercept time. Consider

| a column vector S(t) having components s.(t), where s.(t) is the total num-
1 1

ber of assignments in state i at time t being serviced by the guidance

| channel group under consideration. The guidance-channel constraint may be

expressed as:

A S(t) < n(t)C for any t

where

3 A = an NR by NT+1 array of coefficients

S(t) = the NT+l by 1 column vector of assignments at time t

n(t) = the (scalar) number of guidance channels in the

guidance channel group that are active (i.e., not

I disabled) at time t

* C = an NR by 1 column vector of constraints.
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Amplification of Card Type TG (Concluded)

A new missile engagement will be undertaken only if the inequality

above would be satisfied throughout the anticipated time of flight of the

assignment under consideration. 3
Card Columns Description |

1-2 The label "TG" indicates that this card is a header for

a guidance channel constraint group type. I
6-25 20-character field which may be used to assign a name to

the guidance channel constraint group type being defined. I
26-30 Identification number for this guidance-channel constraint

group type. I
31-35 Total number of guidance channels associated with this

constraint-group type.

36-40 Number of inflight transitions, NT, associated with this

constraint-group type. This value plus one corresponds

to the number of entries on Card Type TGP and to the

column dimension of the array A on Card Type TGA. |

41-45 Number of constraint equations, NR, associated with this
constraint group type. This value corresponds to the

number of entries on Card Type TGC and to the row dimen-
sion of the array A on Card Type TGA.
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Amplification of Card Type TGP

3 Each element of the column vector P on this card corresponds to a

percentage of total flight time of a missile assignment (i.e., the time

I from launch to predicted intercept). Each such percentage multiplied by

the total flight time determines a point in time during the flight of a

I missile at which transition is made from one guidance state to the next.

The components of this vector are nondecreasing (i.e., Pi 1 Pi), and

I the final transition percentage is always 100. Thus, if zero (0) transitions

are specified on Card Type TG, a single value of 100 would be entered on

3 Card Type TGP.
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Amplification of Card Type TGC

The column vector, C, defined on this card is the principal element

on the right-hand side of the guidance channel constraint group inequality

expression discussed with Card Type TG.
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Amplification of Card Type TGA

The array, A, defined on the TGA card(s) corresponds to the

coefficient array on the left-hand side of the guidance channel constraint

group inequality expression discussed with Card Type TG.
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Amplification of Card Type TE

Card Columns

1-2

26-30

31-35

36-40

41-45

46-50

51-55

56-60

Description

The label "TE" indicates that this is an ECM Loading

Group card.

The identification number of the ECM Loading Group data

that follows. It may be used as a reference number when

generating targets (aircraft and missiles).

Communications-band jamming indicator where 1 indicates

that this is a jamming group and 0 (or blank) that it is

not.

P-Band power density given in w/mHz.

L-Band power density given in w/mHz.

S-Band power density given in w/mHz.

C-Band power density given in w/mHz.

X-Band power density given in w/mHz.
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Amplification of Card Type TC

Card Columns

1-2

26-30

31-35

Description

The label "TC" indicates that this is a cross-section

group-header card.

The identification number, NG, of the cross section group

data that follow. This value may be used as a reference

number in describing a target type on Card Type TT.

Option number for radar cross-section data. The available

options are:

Option 1: G(I,M) = A(1,1,M)

Option 2: a(I,~,M) = NJ A(I,j,M) ~j1)
j=lq 

NI NJ

Option 3: cy(~ ,~ ,M) = A(i,j,M) ~i-l ~j-1
H H 

i=l j=l H X

where

C = the radar cross section value computed for the target

being considered

I = the radar frequency band index

M = the cross section group to which the target belongs (=NG)

A = the cross section data array

= the solid aspect angle of the target with respect to

the radar position
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Amplification of Card Type TC (Concluded)

Card Columns Description I

H = the horizontal aspect angle

V = the vertical aspect angle.

Note that the cross section value computed with Option 3 is independent

of the radar frequency band.

36-40 Number of rows, NI, in cross-section data to be specified

on Card Type TCD.

41-45 Number of columns, NJ, in cross-section data to be

specified on Card Type TCD. If Option 1 is given on

columns 31-35 of this card, the value of this field is

assumed to be 1.

46-50 Cross-section model number (scintillation group).
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Amplification of Card Type TCD

Repeat as many cards of this type (up to 7 cards) as is necessary

to describe the cross section data array. Each card must have the letters

TCD in columns 1-3.

If Option 1 is selected on Card Type TC, only one card is necessary

to list the single column of cross section data for this group.
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| Ship Type NST NT

. _v S _n=

i~~~ ~~ -. _C
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Amplification of Card Type TS

Card Columns Description

1-2 The label "TS" indicates that this is a ship type header

card.

6-25 20-character field which may be used to assign a name to

the ship type being defined.

26-30 The identification number for this ship type.

31-35 The number of scanning radar sets on this ship type.

Each set will be assigned a radar type on Card Type TSR.

36-40 The number of guidance channel groups on this ship type.

Data for each group are described on Card Type TSG.

4.1-45 The total number of guidance channels on this ship type.

Each guidance channel group has associated with it one

or more guidance channels. The sum of guidance channels

over all such groups (see columns 36-40) must agree with

the value of this field.

46-50 The total number of missile launchers on this ship type.

Each guidance channel group services one or more launchers.

The sum of launchers over all such groups must agree with

the value of this field.

51-55 The number of tracking operators aboard this ship type. (for TDHS
version only).
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Amplification of Card Type TSR

This card is necessary if the number of scanning radars specified

on Card Type TS is nonzero. Columns 1-3 contain the letters TSR. Each

scanning radar is assigned a radar type that has previously been defined

by Card Types TR, TRI, and TRF. Up to seven scanning radar sets per ship

type are allowable.

A-59



0

a.
H

>0 > 
00 IM Ma G) ,

Ce ,ml
DESCRIPTION DISPDSITION

1
-~~~~~~~~~~~~~~ ~~~~~~z~ z 0

w~ Q _ _Label N/A _40 > >zml K M

(Unused Integer) N/A uL 1
co

-< z - ~ Tracking Radar Type for the 1st MNSHPTa
_o Guidance Channel Group for Ship Type (NST) S_

NST I
Ce

N

51

Guidance Channel Constraint Group Type
for the 1st Guidance Channel Group
for Ship Type NST

MNSHPTb
(NST)

Or-Ic1
aC

o _ Number of Launcher Types serviced by oMNSHPT
2 _ O the 1st Guidance Channel Group forow ali ~ ~~~~~~~~~~~(NST)c 

S, _ ,,, wI Ship Type NST

0 a3
w H a 4 11'M the 1st Launcher Type serviced MNSHPTd

. _ by the lst G.C. Group (NST)

a, H. a~~~~~~~~~~~~~~~, 

o Nll, the number of launchers of Type MNSHPT
0as

2 _ MI, serviced by the 1st G.C. Group (NST) e m

_ * _
w o^. a a,

rsH MNSHPT~
u 0 - the NLCHTth Launcher Type (NST)

a a

.. w ° NNLHT~ 1 the number of launchers of MSHPT* m

H _ w < type MNLCHT,1 ... (NST) ;K
a u'

S _ _ (Only one Guidance Channel Group is S
'4 described on each "TSG" card. Use
u, .U, additional cards of similar format

as required to describe all'NG"
ao _ _ Guidance Channel Groups specified on N

the "TS" card.) u

- (a

x; (Sequence Field) N/A
Ii
Iz�II-I
I�I
'a,'
LU.

0

0

0
a

0M
0
a
as
C

aq

0

0

'a1

H

0

A-60

I 

I
I
I
I
I
I
I
I
I
I

I
I
I
I
I

I

I

7



Amplification of Card Type TSG

There is one card of this type for each guidance-channel group (which

means that no cards are necessary if there are 0 groups). The number of

groups is given on Card Type TS. Each group has associated with it one

or more guidance channels and services one or more launchers. When all

TSG cards have been read for a ship type a check is made to see that the

total number of guidance channels and launchers over all groups corresponds

to the totals given on Card Type TS. If agreement is not found, the error

indicator is turned on, a message is printed, and processing continues.

Card Columns Description

1-3 The label "TSG" indicates that this is a weapons

configuration card for a guidance-channel group, IG,

belonging to the ship type being processed, (NST).

6-10 Tracking radar type for guidance-channel group IG

and ship type NST. This value refers to a data set

defined by Card Types TR, TRI, and TRF.

11-15 The guidance channel constraint group type for guidance

channel group IG and ship type NST. This value refers

to a data set defined by Card Types TG, TGP, TGC, and

TGA. Note that the guidance channel constraint group

type determines the number of guidance channels for

group IG (see Card Type TG).

16-20 The number of launcher types, NLCHT, serviced by

guidance-channel group IG.

21-25 The 1st launcher type M1,IG serviced by guidance

channel group IG. This value refers to a data set

defined by Card Type TL.

26-30 The number of launchers N 1,Gof type M 1,Gserviced
by guidance channelgroup1,IG lIG
by guidance channel group 1G.
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Amplification of Card Type TSG (Concluded)

Card Columns

31-35

36-40

41-45

46-50

Description

Same as card columns 21-25 but for M2JO if NLCHT > 2.

Same as card columns 26-30 but for N2,IG and M2,IG if

NLCHT 2 2.

Same as card columns 21-25 but for M if NLCHT = 3.
3 ,IG

Same as card columns 26-30 but for N3 IG and M3 IG if

NLCHT = 3.
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SHIP TYPE COMPONENT CARD I

I
0

>,0 i, =
' I, m0

C

DESCRIPTION DISPOSITION
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*1~~~~~~~~~-

0 H

0

I-..
0

5
vsis
Cl

Component Type No. NSTCOMb
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Amplification of Card Type TSC

One TSC card is required for each component associated with3 ship type NST. Usually one such card is defined for each of the
NR radar systems, NC guidance channel systems, and NL launcher =
systems as specified on Card Type TS as well as for any other
components desired to model the ship type. The sum of componentsI taken over all ship types in a given replication may not exceed
ICOMAX; the number associated with a particular ship type may
range from zero to ICOMAX. Within each ship type, all type TSC
cards must follow the last type TSG card and precede the type
TSH card.

* Card Columns Description

1-3 "TSC" label indicating this is
a component card for ship type
NST.

6-10 Component ID number, assigned
by the user, which must be
unique within ship type NST.

3 11-15 Component type number to be
associated with this component,
referring to the data set de-

| fined by cards of type TP.

16-20 x-coordinate of the component's
position relative to the localI ship type coordinate system
(feet).

21-25 y-coordinate of the component's
position relative to the local
ship type coordinate system

* (feet).

26-30 z-coordinate of the component's
position relative to the localI ship type coordinate system
(feet).

31-35 Binary flag indicating component
is exterior (1) or interior (0)
to the ship's hull.
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I
Amplification of Card Type TSC continued

Card Columns

36-40

41-45

Description

Scenario cost index, indicating
the component's value to the task
force overall.

System code, indicating that this
component is a radar (1), guid-
ance channel (2), launcher (3),
or other type of component (0 or
blank).

46-50 System type number, giving radar
type number, guidance channel
type number, or launcher type
number, if system code above is
1, 2, or 3 respectively; field
is 0 or blank otherwise.
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SHIP TYPE HULL GEONETRY CARD

0 WI r

3-3

50 =

0

C
Z
-4 DESCRIPTION DISPOSITION

- H ~~~~~~~~~~~~~~~~~~- z,, z "

. - ~~~~~~~Label N/A J (E m 

- = ~~~~~~(Unused Integer) NIA M 

.. 0 Depth of keel~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~et o el~SG 0 )

U, e Hull
M
" I

Descriptor NSPGO
(NNSPGO(I)+l)

7t~
2Z"0

NSPG0 c
* _ OD Hull Descriptor (NNSPG0(I)+2)

w _ * Hull Descriptor3, ~~~~~~~~~(NNSPGO(I)-I3) 

a ~~~~~~~~~~NSPGO
t Hull Descriptor (NNSPG0(I)+6) .m

(.3 ~~~~~~~~~~~~~~NSPGO
w Hull Descriptor (NNSPG0(I)+7) w

Hull Descriptor 
3, (NNSPGO(I)÷6) 

M > _ 

acs P~ Height of main deck above water A(NNSPGO(I)+7) 

aa

33933

U,~x I�I
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C

0

0a
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'iM
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Amplification of Card Type TSH

Card Type TSH describes the geometry of the ship's hull.
I Exactly one TSH card is required within each ship type data set,

and it must follow the last type TSC card, if any, and precede
the first type TSS card, if any.

I Card Columns Description

1-3 "TSH" label indicating this is
a ship hull-geometry card for
ship type NST.

6-10 Depth of keel in feet.

The following six entries are hull
descriptors, representing distances
in feet as illustrated on the fol-
lowing page in Figure A-1:

11-15 Hull descriptor K+l,

16-20 Hull descriptor K+2,

I 21-25 Hull descriptor K+3,

26-30 Hull descriptor K+4.

31-35 Hull descriptor K+5,

36-40 Hull descriptor K+6,

41-45 Height of main deck above water,
* expressed in feet.
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SHIP TYPE RECTANGULAR SOLID GEONETRY CARD

DESCRIPTION DISPOSITION

-H - ~~~~~~~~~~~~Z" znl
Ca z _ _ _Label N/A _ co >

.z (Unused Integer) N/A H M- 3

_ _ _ _ _- o

a_ Position - x coordinate NSP_0

_~ ~ ~~ f _ _SP_ _ _8

Fi Position - y coordinate
NSPGO
I(NNSPGO(I)+9)

4I-

NSPGO
> a _ _ O Position - z coordinate (S (I)+1C) o

a Length NSPC a ̂ _ _ , Width (NNSPG:(I)+11)

Wit d

- -a~m 

z H ~~~~~~~~~~~~~~~~~~~~~~~~~- Ct

Heiht(NNSPGO(I)+13) Z

a a

_ Ft_ 

Y4 _- _

I

1:1
I�i
I�I
LJ

;0
(C

0

Ft

a
0'

10

0.

'1

m
0.

0

'013

H

0)

-4
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Amplification of Card Type TSS

* Card Type TSS describes the size and location of a rectangu- 
lar solid positioned on the ship's deck. One TSS card is re-
quired for each rectangular solid used to model the superstructure m
of the ship. All type TSS cards for a given ship type, if any,
follow the type TSH card and precede the type TSX card.

Card Columns Description

1-3 UTSS?? label indicating this is
a ship-rectangular-solid-geom-
etry card for ship type NST.

6-10 x-coordinate of the rectangular
solid's location relative to the3 local ship type coordinate system
(feet).

11-15 y-coordinate of the rectangular
solid's location relative to the
local ship type coordinate system

| (feet).

16-20 z-coordinate of the rectangular
solid's location relative to the
local ship type coordinate system
(feet).

21-25 Length of the rectangular solid,
expressed in feet.

26-30 Width of the rectangular solid,

I expressed in feet.

31-35 Height of the rectangular solid,
I expressed in feet.
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Example of Ship in Rectangular Solid Configuration

-I-

Figure AT2 illustrates a hypothetical ship in rectangular

solids configuration. The main deck is represented by the

solid outlined by indices 1 through 12, with the water line

indicated by indices 1 through 6. The superstructure of the

ship is described by two rectangular solids, the larger by

indices 13 through 20 and the smaller by indices 21 through

28.

The geometrical description of this ship would consist

of one card of type TSH followed by two cards of type TSS.

The parameters describing the hull and main deck - the hull

descriptors as illustrated in Figure A-1, the depth of the

keel, and the height of the main deck - would appear on the

type TSH card. Each type TSS card would contain a descrip-

tion of one of the two rectangular solids, including its

position (P1 or P2 ) expressed in terms of the local ship

Cartesian coordinate system and its length, width, and height

as illustrated in Figure A-2.
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I
DESCRIPTION DISPOSITION

01n Label N/A C.C 53

Cr OC Cc~~~~~~~~~~~~~~~~~ 
(Unused Integer) N/A

< The local radar number to which the Track |C
or u- $ i Supervisor is assigned KTSHPTa(NST)

KTSHPTb(NST)

-I

I n

The local radar number to which the first

tracking operator is assigned. Add 10 to the KTSHPTC(NST) i
_ _' S number if the operator is in automatic offset

mode 1

Same as columns 11-15 except for the first
c tracking operator KTSHPTd(NST) D

w ~~~~~Repeat until radar and scope limit assignments 
h ae 6en made for ach

sr S

I~ ~~~~~~~~~ . O

I~~~~~~~~~~~~~~~~~~~~~~~~~~~C m
.3 __

(Sequence Field) N/A

bCI-a

1w

ICO

MC

0
C,

Cc

I
a.

I

Cc

Q.

Cc

I

0

I
I
I
I
I

I
I
I

I
I
I
I
I
I
I
I
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Amplification of Card Type TST

This card appears only in the TDHS version of the model, where it follows Card
Type TSR. This card is necessary if the number of scanning radars specified on Card
Type TS is nonzero. Columns 1-3 contain the letters TST. The first entry gives the
local radar number (1 - NR) to which the Track Supervisor is assigned, and the second
entry gives the factor (power of 2) to be applied to the scope limit of the radar. Then
for each tracking operator associated with this ship type the remaining entries give the
local radar assignment and the scope limit factor. If the operator is in automatic offset
mode, add 10 to the local radar number and enter this value for the operator.
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DESCRIPTION DISPOSITION

Label N/A Km >3
mo 09

(Unused Integer) N/A m

v _ , -l pl, radial distance to the 1st Component NVSHPTa
Ts (n D @ ^ Group on Ship Type NST (NST)

_: _ __ 

01, bearing to the 1st Component Group CW
from the bow

NVSHPTb
(NST)

D
-o
"c

v Z1, height of the 1st Component Group NVSIPTc 
a, above the ship z coordinate (NST) _ 

o VI, vulnerability factor for the 1st Component NVSHPTd 
a M Group

v3, _ 3v 
C. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C

nj, number of components (colocated) in the NVSHPTe
Y_ 1st Component Group (NST) m

C',~~~~~~~~~~~~~~~~~~~~~~~~~~C

CD % ;3; iX °2 NVSHPTf
Q ~~~~~~~~~~~~~(NST)

Z2 NVSHPTha ~~~~~~~~~~~~~~(NST) 

Sc,, o a U 2 NVSHPTi

* a,~~~ (NST)
Ce 5

H 2 O ' n2 NVSHPjV&~~ a~ (NST)_ * cn
"H ~~~~~~~~ ~n 2 NVSHPE

, _ _(NST)

* *__ [Continue with up to a total of ten p,O,z,v,n
5-tuples (1 or 2 such 5-tuples per TSV card)
for Ship Type NST, such that Z ni > NR+NC+
NL]

(Sequence Field) N/A

cc'l

MC

0

2

'a
a3
a1

a!
Za

a

0'

___ I I : _ _
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Amplification of Card Type TSV

This card temporarily replaces the TSC, TSH, and TSS card types in the TDHS
version of the model. At the present time, damage assessment in the TDHS version is
much simplified from the parent model. Given an IMPACT event, damage probabilities
are calculated directly from the warhead size of the impacting target, the relative vulner-
ability of each shipboard component (limited here to radars, guidance channels, and missileI launchers), and the distance of each such component from the detonation point of the
impacting weapon. Monte Carlo evaluations are then made to determine the survival of
individual components. Once a component is disabled, it remains so for the duration of
the game.

Each ship type has associated with it NR radars, NC guidance channels, and NL
launchers. These values are specified on Card Type TS. If the sum of these components,I NRLC, is 0 (NR+NC+NL=O) then no cards of this type are required. If the sum is non-
zero, the position and vulnerability factor of each component is described on this card
type. The data are first listed for all radars, followed by guidance channels, and finallyI by launchers.

Components that are colocated form a component group. Each component group is
described by a 5-tuple Pi, Oi, Zi, Vi, ni where ni represents the number of components in
group i at position Pi, , Zi and with vulnerability factor Vi. Two 5-tuples may be
specified on one card, and up to 10 5-tuples are allowed for describing all components.3 The sum of ni over all 5-tuples given must be equal to NRLC.

Card Columns Description

| 1-3 The label "TSV" indicates that this is a component vulnerability
card for ship type NST.

6-10 Pi, radial distance from the center of ship type NST to the ith
component group.

11-15 Oi, bearing (clockwise from the bow) to the ith component group.

16-20 Zi, height of the ith component above the ship Z-coordinate.

21-25 Vi, vulnerability factor for the ith component group.

26-30 ni, the number of colocated components in the ith component
| group.

Continue as required with a second 5-tuple in columns 31-55 and/or with additional
a 5-tuple on up to nine additional TSV cards.
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DESCRIPTION DISPOSITION
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Amplification of Card Type TSX

Card Type TSX signals the end of cards associated with ship
I type NST. Each ship type data set must be followed by exactly

one card of this type. Upon reading this card, program control
is returned to the Type Generator.

U Card Columns Description

1-3 "TSX'1 label indicating that all

i inputs defining ship type NST
have been read.
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W-I

I

MC,,
CA rt

3a'

A

a
C
2

DESCRIPTION

a

I ~~~~Label

(Unused Integer)

Target Type name

OISPOSITION

N,'A

N/A

TGTNM
(I, NT),
I = 1, N20BCD

DgZr
-C,

Pc
C4
z 

0 #4~~~~~~~~~~0

'9 Target Type number N/A

Q OQ ~~~~~~~~~~~~NTGPARd8 A m ' o x Vulnerability Group index value
u~~~~~t ____~~ o a Vulnerability ~~~~~~~~~(NT) M

_ 0 09 g o x Cross Section Group index value NT)P_
M"a (NT)

_ _ - o DEC/CEP (interpretation of this field
' depends on the value in the REP/Option NTGPARf >

W _ w o O field following) (NT) , 

REP/"O" (if equal to "O", then DEP/
CEP field is interpreted as CEP; NTGPAR

t o otherwise this is REP, and DEP/CEP is (NT)
taken to be DEP)

H A 0 0 Guidance Dependency
X >I 0 x 0 - autonomous NTGPARa '

- '' -1 -dependent (NT)
44 _ 0
A O C Warhead lethality in equivalent pounds NTGPARi i

o of TNT (N/A to nonimpacting Target (NT)
-4 _ s X Types)

4 0 9 -n n Standard deviation of speed for weapon NTGPARh
44 440 W o profile of impacting Target Types (NT)

A 0 Itl 01NTGPA

8 *- o° of Fuze delay distance (impacting target) (NT) R_

w 100 x probability target a dud NTGPARk
0 _O (impacting target) (NT)

0 _ 

L I

Snsa
.t0
54'
it'

Missile sensor wavelength X
(impacting target)

I

NTGPARl
(NT)

l�I
I�i
is'
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L
0
.�

I

V
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a

a
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W0
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Amplification of Card Type TT

Card Columns Description

1-2 The label "TT" indicates that this is a target-type

data card.

6-25 20-character field which may be used to as.sign a name

to this target type.

26-30 Identification number for this target type. It may be

used as a reference number when generating targets

(aircraft and parasites) in the Raid Generator.

31-35 The vulnerability group index is correlated with

missile-lethality data to assess damage to a target.

36-40 This value corresponds to a cross-section group that

has been defined on Card Types TC and T!CD.

41-45 This and the following field correspond to guidance

accuracy. This field is interpreted as CEP (circular

error probable) if columns 46-50 of this card are blank

or 0; otherwise, it is DEP (deflection error probable).

Two cases must be considered. If this is the target type

for a nonimpacting target, then DEP/REP or CEP determines

the aimpoint in relation to the center of the ship under

attack. (If the weapon being fired has autonomous

inflight guidance, then the launch plane does not influence

the aimpoint.) For an impacting target, the DEP/REP or

CEP determines the impact point in relation to the aimpoint.

46-50 A nonzero value represents REP; 0 means that columns 41-45

are to be interpreted as CEP. For an explanation of this

field see the description for columns 41-45 of this card

type.

51-55 A value of 1 indicates that this target type requires

inflight guidance from its parent launch vehicle; 0 means

that it does not. This field does not apply to nonimpacting

target types.
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Amplification of Card Type TT (Concluded) 3

Card Columns Description |

56-55 Warhead lethality in equivalent pounds of TNT--this field
applies only to impacting target types. |

61-65 Standard deviation of speed for the weapon profile of an

impacting target type. |

66-70 Fuze delay distance for an impacting target, expressed in

feet; zero or blank otherwise. 3
71-75 100 x probability impacting target is a dud; zero or blank

otherwise. 3
76-8o X, missile sensor wavelength of impacting target, expressed

in centimeters; zero or blank otherwise. |
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DESCRIPTION

Label

DISPOSITION

N/A co

Cr~~~~~~~~~~~~~~M

Cr ~~~~~~~(Unused Integer) N/A A

OC H~~~~~~~~~~~~~O

o 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-1

- oZ
43 43>~~~~~~~~~~~~~~~~~~~~~~~~~i G

Mc* ~~~~~~~~~~~~~~~~~~~~~~~c~~~~CC3 ~~~~~~~~~~C Z

43 0~~~~~~~~~~~~~~~~~~
43 - 43~~~~~~~~~~~~~~~

* C~~~~~~~~~~~~~~~~~~~~~~~~~r

x0
(Sequence Field) N/A '-CI

Cl
Cr I01
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Amplification of Card Type TX

This card is the final Type data card. It must be present in the

card deck; its absence will cause termination of the Pregame Processor

I program. It is worth noting that if Type data are being read from tape

and there are to be no additions or modifications from the card file, the

first and only Type data card would be a card of this type.

After reading this card a check is made to see if errors have been

| detected. All Type data will be written onto tape if the data are error

free and a writerequest has been made on Card Type C. This concludes

3 the Type Generator inputs and is a signal to begin reading Defense

Generator cards.
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OESCRIPTION DISPOSITION

w4 _ _ _Label N/A XC m >
* MC",-

_ _ (Unused Integer) N/A ba

A. _~ V n Boolean function number IBOLFN (I) _
G a a a

as

I

La
C
C
H
C

C)
0 t

00
Ci

AND/OR logic designation IBOLFN d( i)

- V , -.Boeaaaibl ubesBL

0 _ I BOLV~ ( . I M

0 Vs Boolean variable number IBOLVa a~~~~ (IBOLONb(I)) 

0 ~~~~~~~~~~~IBOLV5Ca as 0 5M Boolean variable number aa
GQ _ _ n(IBOLGNb(I)+l) 

Ca .4~~~~~~~~~~~~~C

aw a;I. .-

CaIBLCa 

Ca Ca _ ._'

7 _ V n Boolean variable number (BL~()i 

* LC Ca-IB C~(I+i

CI

(Sequence Field) N/A

. I I --- 131 - I~~~~~~~~~

IC

0
0

C.
S

0-

C

A

m

Ws

V

CM
as
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-~~~~~~~~~~~~~~~
Amplification of Card Type BF

Boolean functions are the means by which the operational -

| interdependencies of ship components are described. A master set c
of Boolean functions is defined for each replication, upon which
each ship type defined for that replication may draw. Within
ship type, each ship component is assigned a component ID number
(see Card Type TSC). A Boolean function from the master set is
associated with each ship component by matching Boolean function

*I number with component ID number. If no Boolean function for a
given component ID number exists, then the component is consid-
ered operationally independent of other components on the ship.

A Boolean function of the form used in this simulation is
defined by specifying a Boolean function number, a logic indi-
cator (either "AND" or "OR"), and a string of Boolean variable3 numbers. Note that a Boolean function here may have either "AND"
or "OR" logic only and not a combination thereof; any component
depending upon combination logic may be represented as dependingU upon a combination of dummy components whose Boolean functions
are of the required form. The following are two examples of
Boolean functions:

* oBoolean fpnction No. Logic Boolean variables

x Ex.l 4 AND 6, 8, 10

Ex.2 7 OR 9, 11

* Example 1 defines a hypothetical Boolean function number 4,
* the Boolean function to be associated with component number 4

within a given ship type. It is an "AND" logic function, indi-
cating that component numbers 6, 8, and 10 within the given shipI type must be operating in order for component number 4 to be
functioning.

3 Example 2 illustrates the situation where component number 7
is dependent upon either component number 9 or component number 11
operating. Again, all component numbers refer to those within aI given ship type, and must be unique within that ship type.

A component never appears as a Boolean variable in its ownI Boolean function. A component must obviously be "up" (mechanical-
ly in working condition) as well as "on" (Boolean function satis-
fied) to be operational.

B One Card Type BF is required for each Boolean function.
* Boolean variables associated with a given Boolean function may

overflow onto any number of BFC continuation cards.
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Amplification of Card Type BF continued

Card Columns

1-2

6-10

11-15

16-20

71-75

Description

"BF" label indicating this is
a Boolean function card.

Boolean-function number.

Logic designator, "AND" or "OR",
right justified in field.

Boolean variable number.

Boolean variable number.
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M ~~~~~~~~~IBOLVa -oE
NA ~~~' ~Boolean Variable No.

a (IBOLFNb(I)+J) M

z

N
0

NJ-

(a * ~~~~~~~~~~~~~~~~~

I,.. 1.. I.

INAIii
'NA,
I�I
I.E
L�1L.

Ia
0
0
a
a

0

0
M

0

0
0
0
0

0r
0.

0

wN

A-92

I
I
I
I
3

I
I
I
I
I
I
I
I
I
I
I
I
I

r��lr,r-r-r,T

G
X

I

i

II
ZI
41

I

41

11
1

I

I

z

Z

Z

i

I

I

I

t

z
i

r ...I

7

I

_

I

II

I
t

M
c
M
M
0
0

I

I

I

Z

I
�;l



Amplification of Card Type BFC

Card Type BFC is a Boolean-function-continuation card. Each
I Boolean-function BF card may be followed by as many BFC cards as

necessary to list all Boolean variable numbers included for that
function.

Card Columns Description

1-3 "BFC" label indicating this is
3 a Boolean function continuation

card.

16-20 Boolean variable number.

* 71-75 Boolean variable number.
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Amplification of Card Type BX

Card Type BX signals the end of Boolean function cards and
I must always appear in the input deck. The Boolean function input

cards, if any, followed immediately by this trailer card are posi-
tioned in the input deck immediately after the type generatorI trailer card (Card Type TX) and preceding the first defense gener-
ator card (Card Type DF).

* Card Columns Description

1-2 "BX"' label indicating that all
Boolean function cards have been

3 read.
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OC I'ld DESCRIPTION

Label

DISPOSITION

N/A

�I.

I
; 0 H Position data input option N/A m>

_ _ 0 - rectangular, 1 - cylindrical

_ an

N)>

N) N) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--I 
o; = > >Defense Unit name (I,ISN), MO

_ _ U t . ~~~~~~~~~~~I=1,N20BCD 

M-Uz

a 0o

2 > w § o H Defense Unit number N/A mO

8 H v o a Ship Type number(INw 
.- -:(0

3 w 0 North (2,ISN)DefenseW Unitp numberN/ 
X+ aq 

1- - N

P~~~~~~~~~~~~~~~~~
(0 0. n- ISHPFOb > t

. o Shi vpate in kft (3,ISN)

. __SHPO

o a.TW rupnme (2ISN)

* ~~~~~~~aq

IV '"qZcodnaei f

a . ~ ~ ,~~, Rho value in kft ~~(3,ISN)

I 0 (Sequence Field) N/A

a1

WIa'
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Amplification of Card Type DF

Card Columns Description

1-2 The label "DF" indicates that this is a defense-unit card.

5 Option number for the position data contained in columns
46-75:

Option 0: rectangular coordinates (X,Y,Z)

Option 1: cylindrical coordinates (p,e,Z),

6-25 20-character field which may be used to assign a name

to the defense unit being defined.

26-30 Identification number, ISN, for this defense unit.

31-35 Ship Type number to be associated with this defense

unit (refers to a data set defined by Card Types TS,

TSR, TSG, TSV within TYPGEN).

36-40 Threat evaluation and weapon assignment (TEWA) group

number. Defense units having the same TEWA group

number may share information pertaining to missile-

target assignments, as communications links status

will allow.

41-45 Ship heading, clockwise from North (i.e., from the

positive Y axis). Since there is no movement of defense

units during the simulation, the heading information is

used exclusively for determining component locations

(e.g., radars and launchers) for evaluation of ship

damage after an enemy weapon-impact event.

46-55 Either the X-coordinate or the rho value of the defense

unit's position, depending on the position data option

in card column 5.
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I
I

Amplification of Card Type DF (Concluded)

Card Columns

56-65

66-75

Description

Either the Y-coordinate or the theta value of the

defense unit's position, depending on the position data

option in card column 5.

The defense unit's Z-coordinate.
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Amplification of Card Type DX

Card Column Description

The label

Generator

execution

"DX" indicates that all inputs to the Defense

have been read. This card causes return of

control to the GENER8 program.

Option number for the Vital Area Center (VAC) position

data contained in columns 46-65:

Option 0:

Option 1:

rectangular coordinates (X, Y)

polar coordinates (p, e)

Either the X-coordinate or the rho value of the

Vital Area Center, depending on the position data

option in card column 5.

Either the Y-coordinate or the theta value of the

Vital Area Center, depending on the position data

option in card column 5.
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Amplification of Card Type SR

This card type may be used to override the search sector default

option (full coverage) for individual surveillance radar sets.

Card Columns Description

1-2 The label "SR" indicates that this is a surveillance

radar search-sector-definition card.

6-10 Identification number, ISN, for the defense unit to

which the sector data on this card applies.

15 Option number for the right-hand sector boundaries, RR.

Option 0: Boundaries are measured in degrees CW

from North

Option 1: Boundaries are measured in degrees CW

from the bow (the value of the ship

heading will be added to all radar

sector boundaries for this ship if this

option is selected).

16-20 NR . The first radar set, relative to the Ship Type

(NST) of Defense Unit ISN, for which a search sector

is defined. If IBR is the task-force identification

number of the first radar set for Defense Unit ISN,

then the task force identification number of the radar

set for which a coverage sector is being defined is

IBR+NR -1. If NR1 is zero, the 3-tuple (NR , RRV, WR )

is ignored. If NR1 is greater than the number of

radars on Ship Type NST, then: (1) an error is

recorded, and (2) RR1 and WR1 are ignored.
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Amplification of Card Type SR (Concluded)

Card Columns

21-25

26-30

31-45

46-60

61-75

Description

RR . The right hand boundary of the search sector

for radar set NR1, measured in degrees from the

reference specified in column 15.

WR1. The width of the search sector for radar set

NR1, measured in degrees CCW from the right hand

sector boundary RR1.

The 3-tuple (NR2, RR2, WR2) for the second search

sector, defined as above.

The 3-tuple (NR3, RR3, WR3) for the third search

sector, defined as above.

The 3-tuple (NR4, RR4, WR4) for the fourth search

sector, defined as above.

If there are more than four search sectors to be defined for a

particular defense unit, then additional cards of Type SR would be used

as appropriate.

I
I
I
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Amplification of Card Type SL

This card type may be used to override the fire-zone-sector default

option (full coverage) and/or the salvo-size default value (single missile

salvo) for individual missile launchers.

Card Columns Description

1-2 The label "SL" indicates that this is a launcher fire

zone sector and salvo size definition card.

6-10 Identification number, ISN, for the defense unit to

which the sector and salvo size data on this card applies.

15 Option number for the right-hand sector boundaries, RL .

Option 0: Boundaries are measured in degrees CW

from North

Option 1: Boundaries are measured in degrees CW

from the bow (the value of the ship

heading will be added to all launcher

sector boundaries for this ship if

this option is selected).

16-20 NL . The first launcher, relative to the Ship Type

(NST) of Defense Unit ISN, for which a fire zone sector

and/or salvo.size is defined. If IBL is the task force

identification number of the first launcher for Defense

Unit ISN, then the task force identification number of

the launcher for which data is being defined is IBL+NL -1.
1

If NL is zero, the 4-tuple (NL1, RL1, WL1, NSS 1) is

ignored. If NL1 is greater than the number of launchers

on Ship Type NST, then: (1) an error is recorded, and

(2) RL 1, WL1, and NSS1 are ignored.
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Amplification of Card Type SL (Concluded)

Card Columns

21-25

26-30

31-35

Description

RLI. The right hand boundary of the fire zone sector

for launcher NL1, measured in degrees from the reference

specified in column 15.

WL . The width of the fire zone sector for launcher

NL1, measured in degrees CCW from the right hand sector

boundary RL1. A value of 0 will inhibit any firings

from launcher NL

NSS . The salvo size for launcher NL . If left blank

or zero, the default value of 1 will be assumed. If
greater than the number of rails for a launcher of this
type, a nonfatal error will be recorded.

36-55 The 4-tuple (NL2, RL WL2

zone sector and salvo size,

56-75 The 4-tuple (NL3, RL3, WL3P

zone sector and salvo size,

If fire-zone sectors and salvo sizes are

three launchers on a particular defense unit,

Type SL would be used as appropriate.

NSS2) for the second fire

defined as above.

NSS3) for the third fire

defined as above.

to be defined for more than

then additional cards of
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Amplification of Card Type SX

Any number of cards (including none) of Types SR and SL may be

included in the input deck for the Sector Generator; they may be freely

intermixed and need not be ordered by defense-unit number. The Type SX

card signals that there are no more Type SR or Type SL cards to be read.

Card Column

1-2

Description

The label "SX" indicates that all inputs to the

Sector Generator have been read. This card causes

return of execution control to the GENER8 program.
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Amplification of Card Type OR

This card type may be used to override the radar simulation model

default option (simple cookie-cutter) for individual radar sets.

Card Columns

1-2

6-10

12

2i+10

Description

The label "OR" indicates that this is a radar

simulation model definition card.

Identification number, ISN, for the defense unit

to which the model option data on this card applies.

The radar simulation model option to be used with the

first surveillance radar set aboard Defense Unit ISN.

Any value for which no radar simulation model option

has been programmed will be replaced with the default

value of 1.

The radar simulation model option to be used with the

ith surveillance radar set aboard Defense Unit ISN.
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Amplification of Card Type OG

This card type may be used to override the radar simulation model

default option (simple cookie-cutter) for individual guidance channel

groups.

Card Columns

1-2

6-10

12

2i+10

Description

The label OG" indicates that this is a guidance

channel group simulation model definition card.

Identification number, ISN, for the defense unit

to which the model option data on this card applies.

The radar simulation model option to be used with

the first guidance-channel group aboard Defense Unit

ISN. Any value for which no radar simulation model

option has been programmed will be replaced with

the default value of 1.

The radar simulation model option to be used with

the ith guidance-channel group aboard Defense Unit ISN.
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Amplification of Card Type OX

Any number of cards (including none) of Types OR and OG may be

included in the input deck for the Option Generator; they may be freely

intermixed and need not be ordered by defense unit number. The Type OX

card signals that there are no more Type OR or Type OG cards to be read.

Card Column

1-2

Description

The label "OX" indicates that all inputs to the

radar simulation model Option Generator have been

read. This card causes return of execution control

to the GENER8 program.
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Amplification of Card Type CM

fl One-way communications links between defense units (from a communi-

cations transmitter to a communications receiver) are treated within the

I simulation program as either "In" (reception possible) or "Out" (reception
not possible). The current status of each such ship-to-ship link is

| maintained in the packed array ICOMM in common block TECOMM. The status

of these links determines the degree to which information pertaining to

radar detections and missile assignments may be shared among defense units.

Unless otherwise specified, all links are assumed to exist (i.e.,

to be "In") at the beginning of the game, and further all links are as-

I sumed to be subject to modification or disruption due to the effects of

enemy communications jamming devices. Inputs, if any, to the Communica-

I tions Generator (on Card Types CM and CS, which may be freely intermingled)

override these default assumptions. Those links subject to modification

H are indicated in the packed array IMODIF in common block TECOMM. See

also the amplification of columns 5-10 of Card Type CX which may override

H all Type CM cards and/or all Type CS cards.

H Card Columns Description

1-2 The label "CM" indicates that this is a CommunicationsH Link Modification Inhibiting card.

6-10 The Defense Unit number, ISM, to which the data on this

H card is applicable.

12 A binary indicator specifying whether the communications

link from defense unit 1 to defense unit ISM is (0) or

is not (1) subject to modification by enemy jamming.
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I
Amplification of Card Type CM (Concluded)

Card Columns

(2i+10)

Description

This is a binary indicator as above for the link from

Defense Unit i to Defense Unit ISM, where i < 31.
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Amplification of Card Type CS

All one-way communications links between defense units are assumed

to exist (i.e., to be "In") at the outset of the play of a game unless

otherwise specified on one or more input cards of Type CS. One such card

is required for each defense unit having an initial communications link

status other than "reception from all other defense units is possible."

Card Columns Description

1-2 The label "CS" indicates that this is a Communication
Link Initial Status Card.

6-10 The Defense Unit number, ISX, to which the data on this
card is applicable.

12 A binary indicator specifying whether the communications
link from Defense Unit 1 to Defense Unit ISX does (0) or
does not (1) exist at the outset of the game.

(2i+10) As above for the link from Defense Unit i to Defense Unit
ISX, where i • 31.
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0
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Amplification of Card Type CX

Card Column Description

1-2 The label "CX" indicates that all inputs to the Communi-

cations Generator have been read.

4-5 The local parameter MODX which may be used to override

the communications default options and/or any cards of

Type CM or CS that may have been read.

MODX = 0 implies that all link specifications

(including default values) stand as

previously given.

MODX = 1 implies that no links may be modified

but the initial status of each link is

as previously specified.

MODX = 2 implies that no links may be modified

and the initial status of all links is
Out.

MODX = 3 implies that all links are initially

"Out" but links may be modified as
previously specified.

If MODX is of any other value, it will be reset to "O."

The value of MODIFY in common block TECOMM is assigned at this time

to indicate that none (-1), some (0), or all (+1) of the communications

links may be modified. The rules for assigning the value to MODIFY are

as follows:

MODIFY = -1 if MODX = 1 or 2.

MODIFY = 0 if at least one card of Type CM has been

read (and MODX = 0 or 3).

MODIFY = 1 if no cards of Type CM have been read

(and MODX = 0 or 3).
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Amplification of Card Type CX (Concluded)

Similarly the value of IXMIT in common block TECOMM is assigned to

indicate that no links may ever exist (-l), some links may exist (0), or

all links always exist (+l). The rules for assigning the value to IXMIT

*are as follows:

IXMIT = -l if MODX = 2. 3
IXMIT = 0 if MODX = O or 3, or else

if MODX = 1 and at least one card of
Type CS has been read.

IXMIT = 1 if MODX = 1 and no cards of Type CS
have been read.

After the values have been assigned to MODIFY and IXMIT, execution

control will be returned to the GENER8 program. I
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ENVIRONMENTAL DATA CARD INPUT

DESCRIPTION

Label

| w | l l l (Unused Integer) N/A

Wind speed WINDSP

wM Altitude ALTUDE _

5 _ o _t Nominal o

_ w _ n ~ ~ reflection coefficient REFCOF _2

a _ =E~~

zz

g _ a'~~~
o _ Aitd ALTUD.t

04 .4~~~~~~~~~~~
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Amplification of Card Type EN

Card Type EN furnishes the scenario environmental data for a
I game replication. This card, if present in the input deck (see

Card Type EX for default option), must follow Card Type Cx, the
Communications Generator trailer card.

U Card Columns Description

1-2 "EN" label, indicating this is
* an environmental data card.

6-15 Wind speed, expressed in
| meters/second.

16-25 Altitude at which wind speed is3 taken, expressed in meters.

26-35 Nominal reflection coefficient.
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- X Label X/A g >
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* - -~~~~~~~~~~~~~~~~~~~~~
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* U,

a 7C
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* 0

* 0

* 0
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Amplification of Card Type EX

Card Type EX is the trailer card for the Environmentali
Generator, and must always appear in the input deck. If no -

Card Type EN is present, then the default option of zero for
wind speed, altitude, and reflection coefficient is used. UponE reading this card, execution control is returned to the GENER8
program.

| Card Columns Description

1-2 "EX" label, indicating the
environmental data have been

U read.
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I

0
N
H

M0I I 

E~1,M
0

1
DESCRIPTION DISPOSITION

* Label N/A g m 
co ~m 0

en _ 3 _ P'(Unused Integer) N/A i m,

0 0 Weapon Profile number N/A

0 0
34

0

'1

Number of legs in the flight path for

this Weapon Profile

JWPRFa
(MPRF)

'31

CmC>HO

CV 00 weapon speed along 1st Flight PATHS

-G 0 Path Leg (JPATH+l) -

(DM S weapon speed along 2nd Flight PATHS
;~~~ 0 sahLg(/Ai ES=1 (JPATH+4) _

N V eoH 53,~~2 weapon apee alng3rFlgtPTSn

0 1> Path Leg (N/A if LEGS = 1) (JPATH+6) o

V 00 S3, weapon speed along 4th Flight PATHS ;

0 _. a Path Leg (N/A if LEGS = 1 or 3) (JPATH+6) C,,

X~~~~1 CD 01, absolute value of climb (or dive) e

OD 1 Sngl wapo apegindn aong 4th Flight Pah PATHS

ON Leg (N/A if LEGS = 1) PATHS e 

cc 1' absolute value of climb (or dive) A

ID An angle at the end of the 2nd Flight PATHS

___a Leg (N/A if LEGS = 1) (JPATH+2) e

6 -~ Vt 0A,, cruise alttude reached at the endm

a oglen at theend of the 2st Flight Path Leg (N/A ifATHS 

(JPATH+3) '
6 a Pat~egN/ ifEGSLEGSc

6 *n

g A2, cruise altitude reached at the end
21 PATHS C

s of the 1st Flight Path Leg (N/A if (PA+) 

JPATHS7 +

a~ ~ ~ ~~ LG en or3

a M D, length of the 4th Flight Path Leg PATS 
Co Flih L. (N/A if LEGS 1 or 3) (JPATH+9) 0

e _ _ _ e

xf~
(Sequence Field) N/A

I-"ma.
lam'('I

C

0
Cn

10
0
0
'0

0

0
'1

'0
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Amplification of Card Type RW

Card Columns

1-2

6-10

11-15

Description

The label "RW" indicates that this card contains data

for a weapon profile.

Identification number, MPRF, for this weapon profile.

The profile data may be later referenced (on Card Type

RAP) by use of this value.

The number of legs in the flight path for this weapon

profile. Three basic types of profiles are allowed:

One Leg The flight path of a target using a

profile consists of a straight line

from launch point to impact point.

parameter associated with this type

is Si, the weapon speed.

one leg

trajectory

The only

of profile

This is the climb-cruise-dive profile (or

dive-cruise-dive, if the cruise altitude

specified is lower than the launch altitude).

The horizontal projection of this profile is

a straight line from launch point to impact

point. Parameters associated with the profile

are,

S1 = the speed along the 1st leg

el = the magnitude of the climb angle

along the 1st leg

A1 = the cruise altitude for the 2nd leg

= the speed along the 2nd leg

02 = the magnitude of the dive angle

along the 3rd leg

S3 = the speed along the 3rd leg.
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I
Amplification of Card Type RW (Concluded)

Card Columns

16-20

21-25

26-30

31-35

36-40

41-45

46-55

Description

Four Leg This is a climb-cruise-dive-cruise profile

similar to the three-leg profile except for

addition of a terminal cruise leg. The

parameters are exactly the same as those

for the three-leg profile with the addition

of,

A2 = the altitude at which the final

dive-to-cruise transition is

made (i.e., the altitude defining

the end of leg 3 and the beginning

of leg 4).

D the length of the 4th flight path leg.

For the 3-leg and 4-leg profiles the constant

altitude, or 2nd leg is of variable length

depending on the launch point to impact point

distance, and is thus referred to as the

"elastic leg." The angles e and 8 are

specified in magnitude only since the altitude

differences to be achieved dictate whether

each is a climb or a dive angle.

S1 as defined above.

S I
2

s 3

s4

n "t ft ..

U1 

.,

A1

56-65 A2

66-75 D

f I I? IIAI

IfI ft ftI

A-134

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



(This page blank)

A-135



10

I

7 7
IC I 0 Mt 

1> it, Cr1,

*1

DESCRIPTION

I
DISPOSITION 1

_L~~~~~: ~~Label N/A jC~>

_ t~~~~~~~~~~~~~0 
CC.t

5
I II- ~ 0

a Cr~~~~~~~~~~~~~~~~~~~~

a _ _ _ _ _ _ _ _ _ Jr~~~~~~~~~~~~~~~~~.

0 
I0-

'i

0

5
RM
1 j 

Node data input option
O - rectangular
1 - cylindrical

N/A IIt
On,

zz
'�0

0 0) -N -N Number of nodes in this master flight0 0 5D
ae - path

CI' _l NJN~

0_ _____________ _ __ ___ 0 

Cr 1codntei fo AH OC

tz

NJ- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -

0 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~*5

o o Y1 ~~coordinate in kft, or PATHS 

0 0~~~~~~~~~~~~~~~~SS

O X c etalRh value in degee clcws rm (PATH+2) o

NJ a

e Y coordinate in kft, PATHS

i _ Rho_ _ valueinkft(JPATH+l)
Cr

5 1
0I Vr1 coordinate in kft

!D 0 ~ ~ ~ ~~ere cokis rm (JPATH+3) 

zjI
NJ I

x (Sequence Field)

_ I I I _51 I

N/A
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Amplification of Card Type RM

Card Columns Description

1-2 The label "RM" indicates that this is a MFP headerI and initial data card.

1 6-10 These card columns are presently unused.

3 15 Option number for the MFP node data to follow:

Option 0: rectangular coordinates (X,Y,Z)3 Option 1: cylindrical coordinates (p,e,Z).

16-20 The number of nodes in the MFP being described. At

least two nodes are required (for a 1-leg MFP) and upI to 15 nodes are permitted.

46-55 The X (or p) coordinate of the 1st node for this MFP.

56-65 The Y (or 0) coordinate of the 1st node for this MFP.

1 66-75 The Z coordinate of the 1st node for this MFP.

3 The remainder of the node data for this MFP will be contained on one or

more cards (as necessary) of type RMF immediately following. See Card

3 Type RMF for explanation of the input format and method of storage of

processed MFP data in the PATHS array.

I

I

I
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0 2~5 

>0) Z >
on C>

Ce flM
DESCRIPTION

Label

DISPOSITION

N/A
- I~~ z oN.c0 > >

IMaz M 0

5 _ (Unused Integer) N/A

_ o phasing, or time of departure

W from 1st node -Mz

Om

C0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

_ t e X or Rho
2 2

ww _H __

v- o,, 1

8 H o ie Z2 

o o..- o o tv b The1a

C *, s-tplee atr whach o the MFanoes) Cr

C between ond-nodes 1 and22

M

Cr ~ ~ V S1'spe a hihthCare
0 

Cr ~~~~0

Cr ~~~~(Continue as required on up to eight Cr

* additional cards, specifying an X,Y,Z,S *
Cr

0~ ~ ~~ -tpl for each of the MPnodes) Cr

S PATHpS MF

Cr Cr~~~~~~C

N) I S (Sequence Field) N/A
LI
I-I
IN)I
10)11�j
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Amplification of Card Type RMF

Repeat as many cards of this type (up to 9 cards) to describe all of

the nodes for this MFP. Each card must have the letters RMF in columns 1-3.

For an MFP having n nodes, there must be n 4-tuples of data as follows:

1 1 1' 'X2' 2' 2'1,2x3'Y33 z3)2 ,3' JX- n nY Sn-ln

or

Pl 'y1'P *2' 02' 2PS 1,2'P3Y03'z3' S2,3' *-- Ppnen'zn 'Sn-len,

The first three of these values will have been included in columns 46-75

of the preceding card of type RM. The parameter § is a phasing value which

defines the time of departure from the first node for any target using this

MFP. Each parameter S 1 i is the speed at which a target on this MFP

travels from node i-l to node i, for i between 2 and n.

If the cylindrical coordinate option has been selected, the node data

will be immediately converted by the program into rectangular coordinates.

The length of each MFP leg is then computed as,

Li-l i [(xi - xl)2 + (i - )i-l) + ( i -

and the time required to traverse this distance is,

L

ATi-i
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Amplification of Card Type RMF (Concluded)

The time that the target passes through each node is then computed from

i Ti- + ATi-1 i' i = 2, .,. n

where

T = O.

The processed MFP data are then stored in the PATHS array and later

printed out in the input summary in the form,

X ,Y ,Z ,T ,X2,Y2,Z2,T2, e' , nY nZ nT
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0

2

-I

-I

MO 0I Iz =
M> iE"0 DESCRIPTION DISPOSITION

> _ _ _Label N/A , c > a
. _? I - I (Unused Integer) N/A

c C *o Target Type JThOFOd
* ~~~0(J'TGT) 

'.41S I

1
ECM Loading Group number JTRGFO

(JTGT)
0'

Number of parasites carried JThGFOi
u _ X X (JTGT)

s ~ ~ ~ ~~ a a dipacmn of thi targe

u~ ~~~~islcmn to th rih whnlokn_

. C

O t L~~ateral displacement of this target fro

8 !Dfo its MFP (positive value denotesgrae See text 4

W ragsvee from Node 2 towardNoe1 o

Y~~~~~Nd _ _
8a _____ _ _

.4 t xa dslcmeto hi agt rmu 

c o eisMP(oiievledntsgetr Setx 
_ X rage as iewed rom Noe 2 toard 0 

, S

e _ __

Lu

(Sequence Field) N/A

0'

0a

0
W
H

0.

0.

0.

0'a
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Amplification of Card Type RA

Card Columns Description

The label "RA" indicates that this is a nonimpacting
offense unit card.

The Target Type number to be associated with this offense
unit (refers to a data set defined by Card Type TT within
TYPGEN).

The ECM Loading Group number to be associated with this
offense unit (refers to a data set defined by Card Type
TE within TYPGEN). The value 0 is permitted and denotes
a nonjamming target.

The number of parasites, or impacting targets, to be
carried by this offense unit. This RA card must be followed
directly by one RAP card for each such parasite specified.

The lateral, axial, and vertical displacements of this

offense unit from its MFP (i.e., from the most recently

defined MFP). The displacements are relative to the

initial leg of the MFP and are as seen from node 2 when

looking towards node 1. These values are translated into

Ax, AY, and AZ values, are stored in the DISP array, and

will be subsequently used (in the simulation) as constant

displacements over the entire flight path of this target.

e +Axial

Node 1
.4 (X lY)

+Lateral

221
D12 = [ (X2 - X1) + (Y2 -Y )1

x1 - x
Sin 9 =

D12

+AX

Y1 -Y2
CosO - 1=

D12

AX = L cos 0 + A sin 6

AY = -L sin e + A cos e

AZ = Vertical displacement value

A-143
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Amplification of Card Type RAP

Card Columns Description

1-3 The label "RAP" indicates that this is an impacting

offense unit card.

6-10 The Target Type number to be associated with this

offense unit (refers to a data set defined by Card Type

TT within TYPGEN).

11-15 The ECM Loading Group number to be associated with this

offense unit (refers to a data set defined by Card Type

TE within TYPGEN). The value 0 is permitted and denotes

a nonjamming target.

16-20 The Weapon Profile number to be used by this impacting

target (refers to a data set defined by Card Type RW

within RAIDGN). The exact launch point will be determined

at the beginning of each replication based upon a random

displacement from a specified node (see columns 26-40)

of the parent, or launch vehicle. The exact impact point

will also be determined at the beginning of each rep-

lication based upon a random dispersion about the defense

unit under attack (see columns 21-25) as derived from the

delivery accuracies associated with the Target Type of

this offense unit (impact dispersion about the aim point)

and with the Target Type of the parent launch vehicle

(aim point dispersion about the victim defense unit's

position).

21-25 Identification number of the defense unit under attack

and against which damage assessment will be made if impact

occurs.

26-30 The MFP node of the parent launch vehicle with respect to

which the beginning of the random launch interval is to

be displaced in time.
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Amplification of Card Type RAP, Continued I

Card Columns Description |

31-35 The time displacement of the beginning of the launch

interval from the MFP node defined in columns 26-30. I
36-40 The time width of the launch interval for this impacting

target. Launch of this target will occur according to a

uniform probability distribution within the time interval

so defined and illustrated below. The launch interval

must be entirely contained within the period of activation

of the launch vehicle (i.e., between the time of departure

from the first MFP node and the time of arrival at the

final MFP node).

~~~~~~~~I

width

displacement

reference node of the parent vehicle's MFP 3

A-146 3



Amplification of Card Type RAP, continued

Card Columns Description

41-45 Deterministic aim point indica-
tor; zero (0) if aim point is to
be calculated by the program*,
and one (1) if a deterministic
aim point is given below.

46-55 X - coordinate of deterministic
aim point, expressed in feet**;
zero or blank otherwise.

56-65 Y - coordinate of deterministic
aim point, expressed in feet**;
zero or blank otherwise.

66-75 z - coordinate of deterministic
air point, expressed in feet**;
zero or blank otherwise.

*Program assumes aim point uniformly distributed over ship.

**Note that Ix! - 500, lyl '- 500, Izj < 500.
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r--15 M
>0 r-

C
z

I
DESCRIPTION

1'

DISPOSITION

>~ ~~ ~~_ _ __ _ _ _ _ _ :i Label N/A ~ 
. t? I ~~~~(Unused Integer) N/A ~ u

H i Target Type (JTRGF~dr)
CD(JTT 10

r0-

ECM Loading Group numbher JTRGFO
(JTGT)9

Z; !

,.0 Weapon Profile numiber to be used by JTRGFOk 
a, CS ~0 Q kss this target (JTGT)

W 1D

CO~ Defense Unit against which this target will JTRGFOh 
actually impact (JTGT)

I- o ~~~ Launch vehicle node from which parasite JTRGF1 .,Z

55 a launch is determined (JTGT) Mz

o Displacement of launch interval froms JTRGFO0~ .launch reference node rT
CS 5~~~~~~~~~~~(TT

0 0 Launch interval width JTG n 
H5 ~~~~~~~~~~~~(JTGT)

H .... ~~ Defense Unit against which this target intends
* Cli ~ ~ Zto impact JTRGFO

(Seealso columns 21-25 abave) (JTGT)

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~A05
JTFAILa

o ~~~~ ~Prelaunch failure probability (TT 

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~T0

JTrFAILb i~~ o ~~~In flight failure probability (JTGT)

C-. -. 5~~~~~~~~JFAL
Detonatio failureprobabilty (JTGT

(Sequence Field) N/A

Io'I
I-I
I-.,'
'-'I

'a'Ii

MC

.D

CD

I0

0

I I I I I~~~~~~~~ [El~i
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Amplification of Card Type RAP*

Card Columns Description

1-3 The label "RAP" indicates that this is an impacting

offense unit card.

6-10 The Target Type number to be associated with this

offense unit (refers to a data set defined by Card Type

TT within TYPGEN).

11-15 The ECM Loading Group number to be associated with this

offense unit (refers to a data set defined by Card Type

TE within TYPGEN). The value 0 is permitted and denotes

a nonjamming target.

16-20 The Weapon Profile number to be used by this impacting

target (refers to a data set defined by Card Type RW

within RAIDGN). The exact launch point will be determined

at the beginning of each replication based upon a random
displacement from a specified node (see columns 26-40)

of the parent, or launch vehicle. The exact impact point

will also be determined at the beginning of each rep-

lication based upon a random dispersion about the defense

unit under attack (see columns 21-25) as derived from the

delivery accuracies associated with the Target Type of

this offense unit (impact dispersion about the aim point)

and with the Target Type of the parent launch vehicle

(aim point dispersion about the victim defense unit's

position).

21-25 Identification number of the defense unit against which damage
assessment will be made if impact occurs.

26-30 The MFP node of the parent launch vehicle with respect to
which the beginning of the random launch interval is to

be displaced in time.

*This card is a modification of the foregoing RAP card to be used in the

TDHS version of the model. Entries unique to the TDHS are written in

italics.
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I
Amplification of Card Type RAP (Concluded)

Card Columns

31-35

36-40

Description

The time displacement of the beginning of the launch

interval from the MFP node defined in columns 26-30.

The time width of the launch interval for this impacting

target. Launch of this target will occur according to a

uniform probability distribution within the time interval

so defined and illustrated below. The launch interval

must be entirely contained within the period of activation

of the launch vehicle (i.e., between the time of departure

from the first MFP node and the time of arrival at the

final MFP node).

reference node of the parent vehicle's MFP

41-45

46-55

56-65

66-75

Identification number of the defense unit against which an attack
was intended.

The probability that the parent vehicle will fail to successfully
launch this impacting target.

The probability that this impacting target will experience an
inflight failure.

The probability that this impacting target will fail to detonate
upon impact.
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Amplification of Card Type RX

Card Columns Description

1-2 The label "RX" indicates that all inputs to the Raid

Generator have been read. This card causes return of
execution control to the GENER8 program which will
then cause printing of the input summary listing for

the TYPGEN, DEFGEN, and RAIDGN data.
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Appendix B

PACKED LIST FORMATS

A general purpose bit packing (and unpacking) routine =

called PUTBIT (GETBIT) has been written and is used extensively

throughout the simulation model. With this FORTRAN callable

routine, individual bits or groups of bits may be accessed

and modified within various arrays of packed words. A

completely arbitrary number of bits may be allocated per unit

within each list, depending only on the amount of information

to be packed. There are presently 43 such lists, including

those unique to the TDHS version of the model as indicated by

italics, defined as shown in Table B-1.

The product of the number of bits per unit and the maximum

number of such units to be accommodated determines the total

number of bits required in each packed list. The dimension

(in machine words) to be compiled for each list is then

established by dividing the total number of bits required by

the number of bits per word in the machine being used,

increasing any fractional part to the next higher integer.

The column in Table B-1 labeled "Total Bits" and subheaded

"Full" and "Reduced" contains the total number of bits

required by the packed lists for each of two configurations

of the model as described in Appendix C. Briefly, the full

configuration gives all arrays and packed lists their

maximum allowable dimensions, thus allowing full task-force

B-i



runs with large raids. The reduced configuration limits the

size of many arrays and packed lists below their maximum dimen-

sions to allow smaller and simpler runs to be made at lower

computer cost.

The packing format for each of the 43 lists shown in

Table B-1 is presented in the remainder of this appendix. The

list dimensions (item E) are given for 60 and 36 bit machine

word lengths. In order to facilitate possible future modifications

to the packed lists, the number of bits per unit is assigned

a mnemonic for each list and the name of the common block

containing each list is shown (item A).

In some cases the packed list fields may be slightly larger

than actually required (e.g., field b in the ISHPFO list is 6

bits wide but need be only 5 bits wide to accommodate its full

range of values). This has been done in order to obtain a

number of equal width adjacent fieled since any number of such

contiguous, equal width fields may be manipulated with a single

call to the PUTBIT/GETBIT subroutine.
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Table B1 - Packed Lists

st Name Unit Bits per Total Bits Page
N Unit Full IReduced Number

Boolean function
Boolean-function variable
Ship
Component
Tracking operator (TDHS)
Component Type
Radar set
Ship
Radar set
Radar set (IRADPC modified for TDHS)
Radar type
Radar type
Ship
Ship (TDHS)
Guidance-channel group
Track (TDHS)
Target (TDHS)
Target
Target
Weapon profile
Guidance-channel constraint-group
type
Guidance-channel
type
Guidance channel
Ship type
Ship type (TDHS)
Launcher
Launcher type
Ship type
Missile type
Missile type

constraint-group

Ship-type component
Component
Cross-section group
ECM loading group
Guidance-channel constraint-group
type
Component
Ship type
Entry*
Ship-type component
Target type
Component
Component
Ship type

25
8

ISMAX
12
40

183
2*JTMAX
ISMAX

30
30
35
84
93
57
30
48
21
42
106
15

384

128

44
35
70
66
38

315
36

315
8

75
14
53
14

44
38
10
73
88

100
2

300

15500
24800

961
7440
280

36600
32130

961
1190
1190
1085
2724
2883

1890

10710
27030

465
5760

1920

11220
1085

4185
570

9765
540

4725
4960

46500
210
795
210

27280
1178

11780
45260

1320
62000
1240
9300

3500
5600

49
1680
280

18300
1890

49
450
450

1085
2724

651
399
450

3024
1323
2646
6678
465

5760

1920

2772
1085
490
990
570

9765
540

4725
1120

10500
210
795
210

5280
1178
2660

10220
1320

14000
280

9300
i

B- 4
B- 5

B- 6

B- 7

B- 8

B- 9

B-10
B-l1
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24

B-25

B-26
B-27
B-28
B-29
B-30
B-31
B-32
B-33
B-34
B-35
B-36
B-37
B-38

B-39
B-40
B-41
B-42
B-43
B-44
B-45
B-46

kee description of packed list NSPGO
B-3

%OLFN
IBOLV
I OMM
ROMPO
ICOPER" TPAR
ETPC
ODIF

;ADPC
ADPC*

|DRPC
IRDROP
ffHPFO
ERSUP
JGCGRP
EPRT
tFAIL
0UT
JTRGFO

PRF
I CA

'PC

KGUIDI SHPT
SHPT

MUNFO
LCHPAR
ISHPT
ULPAR
MSLPK
E OVAR
FCCDT
NCSGRP
ICMGP
CSTYP

NONOFF
SHPT

IPGO
NSTCOM
IGPAR
RHO

NUDOOF
i SHPT

_1I I I
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A. Packed list name TBOLFN . BPU name IBN .. Common block name BOOL

B. One packed group per Boolean function of which there may be 620

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 8 function number

b 9 8 beginning location of variables in IBOLV

c 17 8 no. of variables

d 25 1 and (0)/or (1) indicator

D. Bits per unit 25 > Total packed list length

E. List dimension on machine with word length of:

60 bits 259 words; 36 bits 431 words;

F. Notes:

15500

bits

bits.

words

B-4
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I A. Packed list name IBOLV , BPU name IBV .. Common block name BOOL

B. One packed group per Boolean function variable of which there may be 3100

I C. Packing Format:

D. Bits per unit 8 . Total packed list length

I E. List dimension on machine with word length of:

60 bits 414 words; 36 bits 689 words;

I F. Notes:

24,800

bits

bits.

words

B-5

First Field
Field Bit. No Width Purpose Remarks

a 1 8 Boolean function variable referenced by field

b in IBOLFN for

each Boolean functic

C-
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IC IBITS6 A. Packed list name ICOVLM . BPU nam

B. One packed group per Ship (Receiver)

C. Packing Format:

D. Bits per unit 31 . Total packed list length

E. List dimension on machine with word length of:

60 bits 17 words; 36 bits 31 words;

F. Notes:

The parameter IMI1T, also in common block TECOMM,

list as follows:

Common block name a1TCOUT .

of which there may be 31

S

961

bits

bits.

words

may override this packed

IXMIT < 0 implies that no communications links exist (and further, that none

may be modified).

IXMIT = 0 implies that some links exist as specified in the ICO'.l\t packed

list (and further that some, all, or none may be modified as

specified by MODIFY and IMNODIF, also in common block TECOMM).

IX1IIT > 0 implies that all communications links exist (and further, that

none may be modified).

B-6

F First Wie lt Purpose Remarks
Fl eit NO., Widthl

a i The Ship can (0) or cannot (1) receive
a | 11 |communications transmissions from ship 1

b 2 1 ... from ship 2

_ 31 1 ... from ship 31

___ _________________ I ________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
I
I:
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I A. Packed list name ICOMPO , BPU name

B. One packed group per Component

I C. Packing Format:

D. Bits per unit 12 . Total packed list length

I E. List dimension on machine with word length of:

60 bits 124 words; 36 bits 207 words;

IBI . Common block name COMPON

of which there may be 620

7440

bits

bits.

words

Notes:

#1 System Codes:
Radar = 1
Guidance Channel = 2
Launcher = 3
Other = 0

B-7

First Field
Field Bit. No Width Purpose Remarks

a 1 6 System code (Radar, Guidance Channel, or 11W0? otherwise

Launcher), if applicable Note #1

b 7 6 Unit Number assigned in DEFGEN, if "0" otherwise

applicable

M
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A. Packed list name ICOPER . BPU name IBITS8 * Common block name CONSOL

B. One' packed group per Tacking Operator of which there may be 7

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Active (1) or inactive (0)

b 2 6 Task force radar number to which this operator
is assigned

c 8 1 (1) if the operator is in automatic offset mode,
(0) if not

d 9 7 The track supervisor number associated with this
operator

e 16 15 Scope limit for the operator kft

f 31 10 Ball tab error for this operator in thousandths
of an inch

D. Bits per unit 40 . Total packed list length

E. List dimension on machine with word length of:

60 bits 5 words; 36 bits 8 words;

F. Notes: I

B-8
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BPU name IBITS8 . Common block name COMPON

B. One packed group per Component Type of which there may be 200

. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Old (0) or new (1) data

b 2 1 Good (0) or bad (1) data

c 3 20 Expected time between failures (seconds) In units of Q4Q1 #

d 23 20 Replacement cost (dollars) In units of Q4Q2

e 43 10 E[R] x 1000 for vulnerability

f 53 10 k x 1000 for variance of R

g 63 10 E[R] x 1000 for failure

h 73 20 Expected repair delay time minutes

i 93 20 Expected time to die seconds

j 113 20 Standard deviation of time to die seconds

k 133 20 Expected repair rate dollars/hr

1 153 20 Standard deviation of repair rate dollars/hr

m 173 10 Reference peak overpressure lbs/sq. inch

n 183 1 Undefined (0) or defined (1) component #2
type

- D. Bits per unit 183 . Total packed list length

IE. List dimension on machine with word length of:
1 60 bits 610 words; 36 bits 1017 words;I F. Notes: 

36600

bits
IF. Notes:

#lQ4Ql and Q4 Q2 are storage scaling factors set in INITLZ.

Fields a through m may be 0 even though component type is defined.

bits.

words

B-9
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I
I

A- Paclcked list name IDETPC

B. One packed group per Radar Set

BPU name IBITS1 Common block name TRGDTA .

of which there may be 63 l
C. Packing Format:

First Field'
Fi llisI Purpose RemarksF i 1,' (IjriBit No. Widthr

Primary detection status of target 1 Remak
_____ w.r.t. this radar set

b 2 1 Secondary detection status of target 1 Note #1
w.r.t. this radar set

_ 2i-1 1 Primary detection status of target i
_____ w.r.t~. this radar set

_ 2i 1 Secondary detection status of target i
w.r.t. this radar set

L

.. . ... . I

D. Bits per unit 510 . Total packed list length

E. List dimension on machine with word length of:

60 bits 536 words; 36 bits 893 words;

F. Notes:

#1. 0 implies nondetected, 1 implies detected.

B-10

32,130

bits

bits.

I
words

I
I
I

I

I

I



A. Packed list name IMODIF .

B. One packed group per

BPU name IBITS7 .

Ship (Receiver)

Common block

of which there may

name TECOMM -

be 31 .
>:C

C. Packing Format:

First Field
Field Purpose Remarks -Bit No. Width rr'

The communication link status from ship 1

a 1 1 to this ship can (0) or cannot (1) be

______ __ modified by enemy jamming action ___

b 2 1 ... from ship 2 to this ship ...

_ 31 1 ... from ship 31 to this ship 

D. Bits per unit 31 . Total packed list length

E. List dimension on machine with word length of:

60 bits 17 words; 36 bits 31 words;

961

bits

bits.

words

F. Notes:

Unless the parameter IXMIT equals 0, this packed list is ignored (see the

note for packed list ICOMM). The parameter MODIFY, also in common TECOMM,

may override this packed list as follows:

MODIFY < 0 implies that no links may be modified.
MODIFY = 0 implies that only the links specified in the packed list IMODIF

(above) may be modified.

MODIFY > 0 implies that all links may be modified.
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A. Packed list name IRADPC . BPU name IBITS2 . Common block name RADAR

B. One packed group per Radar Set of which there may be 63

C. Packing Format:

D. Bits per unit 30 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 32 words; 36 bits 53 words; _

F. Notes:

#1. Field b is set to "1" by the ENTER event when 1

1,890

bits

bits.

words

the initial scan for this

radar is scheduled.

#2. Fields a, b, and c would normally be picked up together as a single

6 bit field, with a value greater than 31 implying a disabled radar set.

B-12

First Field
Field Bit No. Width Purpose

a 1 1 Disabled (1) or not (0)

b 2 1 Activated (1) or not (0) Note #1

c 3 4 Radar simulation model option Note #2

d 7 6 Radar type number

e 13 6 Associated ship number

f 19 2x6 No. of primary detections achieved



BPU name IBITS2 . Common block name RADAR

B. One packed group per

C. Packing Format:

Radar Set

D. Bits per unit 30 , Total packed list length

IEE. List dimension on machine with word length of:
1 60 bits 32 words; 36 bits 53 words;

of which there may be 63

1,890

bits

bits.

words

I F. Notes:

#lField b is set to "1" by the ENTER event when the initial scan for this radar
is scheduled.

#2Fields a, b, and c would normally be picked up together as a single 6 bit field,
with a value greater than 31 implying a disabled radar set.

I *IRADPC packed list format for TDHS version.

M B-13

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Disabled (1) or not (0)

b 2 1 Activated (1) or not (0) Note #1

c 3 4 Radar simulation model option Note #2

d 7 6 Radar type number

6 13 6 Associated ship number

f 19 6 Sigma of range error range resolution
cells

g 25 6 Sigma of azimuth error mils

A. Packed list name IRADPC* 

M



A. Packed list name IRDRPC .

B. One packed group per Radar TyF

C. Packing Format:

I
I

BPU name IBITS3 . Common block name RADAR

pe of which there may be 31 .I

E
First Field P

Field Bit No. Width Purpose

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data Note #1

c 3 3 Radar frequency band index l

d 6 5 Target acquisition delay for tracking seconds

radars

e 11 5 Kill evaluation delay for tracking radars

f 16 5 Surveillance radar scan rate

g 21 3x5 Maximum unambiguous range kft. l~~~~~~~~~~

D. Bits per unit 35 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 19 words; 36 bits 31 words; _

F. Notes:

1,085 bits.

wordsbits

#1. These three fields together constitute a single 5 bit field during the

play of the game (at which time fields a and b should both be zero).
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A. Packed list name IRDROP . BPU name IBITS4 . Common block name RADAR

B. One packed group per Radar Type of which there may be 31

C. Packing Format:

First Field
Field Bit No. Width Purpose

a 1 6 Radar wavelength in centimeters.

b 7 6 Receiver IF noise bandwidth in megahertz.

c 13 6 Transmitter antenna gain in db.

d 19 6 Receiver antenna gain in db.

e 25 6 Sidelobe level in db down from the
receiver main beam.

f 31 6 Transmitter losses in db.

g 37 6 Receiver losses in db.

h 43 6 Receiver noise figure in db.

i 49 6 Number of pulses integrated.

False alarm probability factor, a, where
55 6 a = -log10Pfa

k 61 6 Horizontal antenna pattern function index. Note #1

1 67 6 Vertical antenna pattern function index. Note #1

m 73 6 Constraint applicability. Note #2

n 79 6 Resolution applicability. Note #3

D. Bits per unit 84 . Total packed list length

E. List dimension on machine with word length of:

60 bits 45 words; 36 bits 76 words;

F. Notes:

#1. 0 - Pencil Beam {(sin x)/x7

#2. Contains 4*gc + 2*rc + pc (see Card Type TRI)

#3. Contains 16*sr + 8*rr + 4*hr + 2*vr + pr (see

2,724

, bits

e Card Type TRI)

B-15
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A. Packed list name ISHPFO

B. One packed group per Ship

C. Packing Format:

I

I
BPU name IBITS5 . Common block name SHIP

of which there may be 31 .*|

First Field P
e Bit No. Width P

a 1 1 Active (0) or disabled (1) Note #1

b 2 5 Ship type

c 7 6 TEWA group number < 31

First scanning radar set number
d 13 6 cross reference _

associated with this ship _

e 19 6 Total number of scanning radar sets < 7
associated with this ship

First launcher number associated with c
f 25 6 . .cross reference 

this ship
Total number of launchers associated with

g 31 6 • 15
__31_6 this ship _

h 37 6 First guidance channel group number cross reference

associated with this ship _

ir 43 6 Total number of guidance channel groups 7
associated with this ship

i 49 9 First guidance channel number associated cross reference

with this ship

k 58 9 Total number of guidance channels 63
associated with this ship -

1 67 9 Ship heading degrees CW
______ _______ _____ ____________________________________________ fromNorth~~~~~~~~~~~~~~rom Nrth 

m 76 9 Intended impacts against this ship f

n 85 9 Impacts experienced by this ship _

D. Bits per unit 93 . Total packed list length

E. List dimension on machine with word length of:

60 bits 49 words; 36 bits 81 words;

F. Notes:

2,883

bits

bits.

words

#1. "Disabled" implies that no radar or launcher/guidance channel combination

is available for use for the remainder of the game replication.

B-16
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IA. Packed list name ITRSUP

I B. One packed group per

- C. Packing Format:

D. Bits

E. List

Ship

BPU name IBITS9 . Common block name CONSOL

v of which there may be 7

per unit 57 . Total packed list length

dimension on machine with word length of:

60 bits 7 words; 36 bits 12 words;

399

bits

bits.

words

F. Notes:

B-17

First Field.
Field Bit. No Width Purpose Remarks

a 1 1 Active (1) or inactive (0)

b 2 7 Radar number assigned to the track supervosor

c 9 8 First tracking operator number assigned to this
track supervisor

d 17 8 Last tracking operator number assigned to this
track supervisor

e 25 8 The number of currently active tracking operators
assigned to this track supervisor

f 33 15 Scope limit for the track supervisor kft

g 48 10 Ball tab error for the track supervisor in
thousandths of an inch



A. Packed list name JGCGRP . BPU name JJITS1 . Common block name GUIDCH .

B. One packed group per Guidance Channel Group of which there may be 63

C. Packing Format:

D. Bits per unit 30 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 32 words; 36 bits 53 words; _

F. Notes:

1890

bits

bits.

words

#1. May be reduced as ship damage is inflicted.

Supplemented by constraint arrays associated with the guidance channel group

type and by acquisition and kill evaluation delay times associated with the

tracking radar type.

B-18

First Field Purpose Remarks
Field Bit No. Width

a 1 2x5 First guidance channel number belonging
to this group

b 11 5 Total number of currently active guidance Note #1

b 11 channels belonging to this group

c 16 5 Guidance channel group type S 15

d 21 5 Radar simulation model option

e 26 5 Parent ship number Cross reference

I



A. Packed list name JRE

B. One packed group per

C. Packing Format:

,PRT . BPU name JBITS6 . Common block name TRACK

Track of which there may be 63

D. Bits per unit 48 . Total packed list length

E. List dimension on machine with word length of:

60 bits 51 words; 36 bits 84 words;

F. Notes:

3024

bits

B-l9

First Field
Field Bit. No Width Purpose Remarks

a 1 8 Reporting radar for most recent report

b 99 8 Tracking operator for most recent report

c 17 8 The number of valid entries in the array REPRTS < 5
for this track

d 25 8 The number of consecutive missed reports

e 33 8 The total number of updates performed

f 41 8 The total number of missed reports

bits.

words



A. Packed list name JTFAIL .

B. One packed group per Target

C. Packing Format:

BPU name JBITS7 . Common block name TARGET

of which there may be 63

D. Bits per unit 21 . Total packed list length

E. List dimension on machine with word length of:

60 bits 23 words; 36 bits 37 words;

1323

bits

bits.

words

F. Notes:

B-20

First Field
Field Bit. No Width Purpose Remarks

a 1 7 The probability (stored as a percent) that the < 100
parent vehicle fails to launch the impacting target

b 8 7 The probability (stored as a percent) that a target 6 100
that has been launched will suffer an inflight
failure

c 15 7 The probability (stored as a percent) that a target A 100
will fail to detonate on impact

I
I
I
I
I
I
I
I
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A. Packed list name JTOUT .

B. One packed group per

-BPU name

Target

Common block name SUMMRY .

of which there may be 255

C. Packing Format:

First Field
Field Bit No. Width Purpose Remarks

a 1 6 The number of SAM assignments made
.______ against the target l

b 7 6 The number of SAM launches made against
Ithe target

c 13 6 The number of SAM intercepts achieved
against the target
The task force identification number of

d 19 6 the SAM launcher inflicting death on this

target

e 25 6 The number of radar sets disabled by Note 1
the impact of this target

f 31 6 The number of SAM launchers disabled by Note 1
the impact of this target .

9 37 6 The number of guidance channels disabled Note 1
by the impact of this target

D. Bits per unit 42 Total packed list length 10,710 bits.
E. List dimension on machine with word length of:

60 bits 179 words; 36 bits 298 words; _ bits words

F. Notes:

#1. Not applicable to "killed" targets or to targets of nonimpacting types.

B-21
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A. Packed list name JTRGFO

B. One packed group per Target

BPU name JBITS3 . Common block name TARGET

of which there may be 255

C, Packing Format:

D. Bits per unit

E. List dimension

106 . Total packed list length

114
on machine with word length of:

60 bits 451

485
F. Notes:

words; bits 751 words;

805
bits words

IFor a launch vehicle, = 1 if at least one of its parasites requires guidance
during flight.

2 ID number < target number implies target is a parasite.
ID number > target number implies target is a launch vehicle.
ID number = 0 implies no parasites associated with this vehicle.

B-22

I
I
I

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Alive (0) or killed (1)

b 2 1 Active (0) or inactive (1)

c 3 1 Launch plane guidance is (1) or is not (0) Note 1

required during parasite flight o

d 4 4 Target type
e 8 4 Number of legs in the MFP for this target

f 12 3x4 Index value within PATHS array for X1
of the MFP for this target

g 24 4 Jamming power density group index "0" if nonjammer

h 28 2x4 ID number of ship under attack "0" is not a

(actual ship attacked for TDHS) parasite
i 36 4 Total number of parasites carried by this "0" is not a

launch vehicle launch vehicle

i 40 2x4 ID number of mother plane or ID number Note 2

of first parasite
k 48 4 Weapon profile number
1 52 4 Launch vehicle node number from which

parasite launch is determined
m 56 2x4 Displacement of launch interval from seconds

launch node above
n 64 4 Launch interval width seconds

o 68 4 Current node number Initially 0

p 72 4 Next parasite launch node "0" if a parasite

q 76 1 Uniformly distributed (0) or deterministic

(1) aim point
r 77 10 X-coordinate for deterministic aim point "0" otherwise

+500
s 87 10 Y-coordinate for deterministic aim point "0" otherwise

+500
t 97 10 Z-coordinate for deterministic aim point "0" otherwise

+500
u 107 2x4 ID number of ship against which attack "0" if not a

is intended parasite

I
I
I
I
I
I
I
1

I
I
I

Z7,030

29,070
bits.

I
I
I
I
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m or

A. Packed list name JWPRF . BPU name JBITS4 . Common block name TARGET . -
* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rr

B. One packed group per Weapon Profile of which there may be 31 ._

C. Packing Format:

D. Bits per unit 15 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 8 words; 36 bits 13 words; _

F. Notes:

465

bits

bits.

words

B-23

First Field Purpose Remarks
Field Bit No. Width

a 1 3 Number of legs for this profile 1,3, or 4 only

b 4 4x3 Index value within PATHS array for first
parameter of this weapon profile



A. Packed list name KGCA . BPU name KBITS1 . Common block name GUIDCH

B. One packed group per G.C. Constraint Group Type of which there may be 15

C. Packing Format:

D. Bits per unit 384 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 96 words; 36 bits 160 words;

F. Notes:

5760

bits

bits.

words

Data is stored by rows (rather than by columns) to facilitate constraint

equation multiplication within the simulation model.

B-24

I

First Field Purpose Remarks
Field Bit No. Width

a 1 6 A,1 value for the constraint array

b 7 6 A1 2

I 

h 43 6 A1 8

i 49 6 A2 1

- 379 6 A8 8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



A. Packed list name KGCPC . BPU name KBITS2 . Common block name GUIDCH .

B. One packed group per G.C. Constraint Group Type of which there may be 15

C. Packing Format:

D. Bits per unit 128 . Total packed list length

E. List dimension on machine with word length of:

60 bits 32 words; 36 bits 54 words; _

F. Notes:

1920

bits

bits.

words

#1. Pi+l 2 Pi, i = 1, ... , 7.

#2. Actual number of entries corresponds to column dimension of the

"A" matrix.

#3. Actual number of entries corresponds to row dimension of the

"A" matrix.

B-25

I-

'I-

First Field Purpose Remarks
Field Bit No. Width

a 1 8 P1 for inflight data rate state 1 Note #1

b 9 8 P2 for inflight data rate state 2

h 57 8 P8 for inflight data rate state 8 Note #2

i 65 8 C1 for inflight data rate state 1

73 8 C2 for inflight data rate state 2

p 121 8 C8 for inflight data rate state 8 Note #3



A. Packed list name KGUID . BPU name KBITS3 * Common block name GUIDCH

B. One packed group per Guidance Channel of which there may be 255

C. Packing Format:

Field First Field Purpose Remarks
e Bit No. Width

a 1 1 Active (0) or disabled (1) Note #1

b 2 7 Associated tracking radar type

c 9 1 Free (0) or committed (1) Note #1

d 10 7 Associated guidance channel group Cross reference

e 17 2x4 Launcher number Note #2

f 25 2x4 Assigned target number it it

g 33 4 Rail number i I

h 37 4 Missile type it to

i 41 4 Actual salvo size . .

D. Bits per unit 44 . Total packed list length 11,220 bits.

E. List dimension on machine with word length of:

60 bits 187 words; 36 bits 312 words; bits words

F. Notes:

#1. Fields a and b (or c and d) would normally be picked up together as a

single 8 bit field. A value greater than 127 then implies a disabled

(or committed) guidance channel.

#2. These data apply to the currently held assignment; they are not applicable

if the guidance channel is "free."

Supplemented by "ASGNTM" and "RELTM" arrays of assignment and release times
of current assignments.
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A. Packed list name KRSHPT .

B. One packed group per Ship Type

C. Packing Format:

BPU name KBITS4 . Common block name SHIP

e of which there may be 31

m D. Bits per unit 35 . Total packed list length

I E. List dimension on machine with word length of:

60 bits 19 words; 36 bits 31 words;

1085

bits

bits.

words

B-27

First Field Purpose
Field Bit No. Width

1 5 Radar type of the 1st surveillance radar

a_____ _______ for this ship type l

Radar type of the 7th surveillance radarg _ _ 31 5 for this ship type

M



A. Packed list name KTSHPT . BPU name KBITS5 , Common block name SHPTYP

B. One packed group per Ship Type of which there may be 7

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 5 Local radar number used by the track supervisor
aboard this ship type

b 6 5 Scope limit factor for the radar assigned to the
track supervisor

c 11 5 Local radar number used by the first tracking plus 10 if in automatic
operator aboard this ship type offset mode

d 16 5 Scope limit factor for the radar assigned to the
first tracking operator

* * *

m 61 65 Same as field c except for the sixth tracking
operator

n 66 70 Same as field d except for the sixth tracking
operator

D. Bits per unit 70 . Total packed list length

E. List dimension on machine with word length of:

60 bits 9 words; 36 bits 14 words;

F. Notes:

B-28

490

bits

bits.

words



A. Packed list name LAUNFO . BPU name LBITS1 . Common block name LAUNCH

B. One packed group per Launcher of which there may be 63

C. Packing Format:

D. Bits per unit 66 . Total packed list length

E. List dimension on machine with word length of:

60 bits 70 words; 36 bits 116 words;

4, 158

bits

bits.

words

B-29

First Field _ _FieldBit No. Width Purpose Remarks

a 1 1 Active (0) or disabled (1)

b 2 1 Available (0) or not available (1) set by WEPAVL

c 3 4 Launcher type

d 7 6 Parent ship number • 31

e 13 2x6 Number of the most recently serviced < 255
guidance channel

f 25 6 Associated guidance channel group

g 31 6 Rail last scheduled for use

h 37 6 Salvo size

i 43 6 Missiles remaining in the magazine

i 49 6 Associated tracking radar type cross reference

k 55 6 Number of intercepts achieved

1 61 6 Number of kills achieved

.._
I-

.L I j



A. Packed list name LCHPAR . BPU name LBITS2 -

B. One packed group per Launcher Type of

C. Packing Format:

Common block

which there may

name LAUNCH

be 15

D. Bits per unit 38 . Total packed list length

E. List dimension on machine with word length of:

60 bits 10 words; 36 bits 16 words;

B-30

First Field Purpose Remarks
Field Bit No. Width

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data

c 3 6 Missile type launched • 15

d 9 6 Magazine capacity

e 15 6 Number of rails

f 21 6 Inter rail firing delay seconds

g 27 6 Launcher reload cycle time

h 33 6 Button pushing time delay

570 bits.

bits words



A. Packed list name IMNSHPT BPU name MBITSI .

B. One packed group per Ship Type

Common block nan

of which there may be

me SHIP

31

C. Packing Format:

First Field
Field Bit No. Width Purpose Remarks

a 5 Tracking radar type for the 1st guidance
channel group __l

b 6 5 G.C. constraint group type for the 1st S 15
G.C. group

c 11 5 Number of launcher types serviced by the 3
____I_ 1st G.C. group

d 16 5 Mll = the 1st launcher type serviced by •15
the 1st G.C. group ____

N 1= the number of launchers of type
e 21 5 M serviced by the 1st G.C. group S 7

11

f 26 5 M21

g 31 5 N2 1

h 36 5 M

i 41 5 N_1

Repeat fields a through i for 7 G.C.

.. ogroups per ship type

_ 311 5 N3 7

D. Bits per unit 315 . Total packed list length

E. List dimension on machine with word length of:

60 bits 163 words; 36 bits 272 words;

9765

bits

bits.

words

F. Notes:

This packed list is used only within the Type Generator and is not included
in the Replication Tape File data.

B-31
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A. Packed list name MSLPAR BPU name MBITS2 . Common block name MISSL

B. One packed group per Missile Type of which there may be 15

C. Packing Format:

D. Bits per unit 36 * Total packed list length

E. List dimension on machine with word length of:

60 bits 9 words; 36 bits 15 words;

B-32

I
I

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data

c 3 4 Number of performance envelope nodes NPE

d 7 4 Time of flight option number MT

e 11 4 Row dimension of T.O.F. array N1

f 15 4 Column dimension of T.O.F. array N2

g 19 4 Lethality option number ML

h 23 4 Number of vulnerability groups N3

i 27 10 Cost per unit (thousands of dollars)

I
I
I
I
I
I
I
I
I
I
I
I

540

bits

bits.

words

I
I
I



A. Packed list name MSLPK . BPU name MBITS3 . Common block

B. One packed group per Missile Type of which there may

C. Packing Format:

nam

be

ie MISSL .
2:

15 C
M-

D. Bits per unit 315 . Total packed list length

E. List dimension on machine with word length of:

60 bits 79 words; 36 bits 132 words;-

F. Notes:

4725

I-r

bits.

bits _ words

Each vulnerability group, i, has associated with it a lethality triple,

(pliIP2iIP3i) where these parameters are interpreted according to the

lethality option specified in field g of MSLPAR.

Options 1 and 2 - Pli = Pk(i) = Pfkillltarget in vulnerability group ij in %

Option I (pP2i = mean time to die, in seconds, for negative

exponential distribution; P3i is unused

(P2i and P3i are the mean and standard deviation, respectively,
Option 2 -<of the underlying normal distribution for log normal time to

kdie distribution, in seconds.

B-33

First Field Purpose Remarks
Field Bit No. Width

a 1 7 Parameter 1 for vulnerability group 1

b 8 7 Parameter 2 for vulnerability group 1

c 15 7 Parameter 3 for vulnerability group 1

d 22 7 Parameter 1 for vulnerability group 2

- 302 7 Parameter 2 for vulnerability group 15

- 309 7 Parameter 3 for vulnerability group 15



A. Packed list name NBOVAR , BPU name NB2 .. Co-mon block name COMPON

B. One packed group per Ship Type Component of which there may be 620 (ICOMAX).

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 8 Component ID No. for use with Boolean
functions

D. Bits per unit 8 * Total packed list length __

E. List dimension on machine with word length of:

60 bits 83 words; 36 bits 138 words;

4,960 bits.

bits words

B-34
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A. Packed list name NCCCDT . Bl

B. One packed group per Component

C. Packing Format:

D. Bits

E. List

PU name NB7 . Common block name COMPON

of which there may be 620

; per unit 75 . Total packed list length

: dimension on machine with word length of:

60 bits 775 words; 36 bits 1292 words;

46,500 bits.

bits words

B-35

First Field
Field Bit. No Width Purpose Remarks

a 1 25 Cumulative costs In units of Q7Q1

b 26 25 Current cost (D) In units of Q7Q2

c 51 25 Cumulative cost since last repair event (d) In units of Q7Q3



A. Packed list name NCSGRP . BPU name NBITS1 . Common block

B. One packed group per Cross Section Group of which there may

C. Packing Format:

D. Bits per unit 14 . Total packed list length

E. List dimension on machine with word length of:

60 bits 4 words; 36 bits 7 words;

210

bits

name CSGECM

be 15

bits.

words

B-36

First Field
Field Bit No. Width Purpose Remarks

a 1 1 Old (0) or new (1) group data

b 2 1 Good (0) or bad (1) group data

c 3 3 Option number 1,2, or 3

d 6 3 Number of rows in cross section data array

e 9 3 Number of columns

f 12 3 Cross section model number groups. ~~~~~~~gop



A. Packed list name NECMGP , BPU name NBITS2 Common block name CSGECM . -

B. One packed group per ECM Loading Group of which there may be 15 .rr

C. Packing Format:

D. Bits per unit 53 . Total packed list length

E. List dimension on machine with word length of:

60 bits 14 words; 36 bits 23 words;

795

bits

bits.

words

B-37

First Field
Field BitN Wiedt Purpose Remarks

Bit No. Width

a 1 1 Old (0) or new (1) group data

b 2 1 Good (0) or bad (1) group data

c 3 1 Communication band jammer no (0) or yes (1)

d 4 10 P-band power density w/mHz

e 14 10 L-band power density

f 24 10 S-band power density

g 34 10 C-band power density

h 44 10 X-band power density



A. Packed list name NGCTYP . BPU name NBITS3 . Common block

B. One packed group per G.C.C.G. Type of which there may

C. Packing Format:

D. Bits per unit 14 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 4 words; 36 bits 7 words;-

210

bits

name GUIDCH 

be 15

bits.

words

B-38

Fil First Field Purpose Remarks
Field Bit No. Width

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data

c 3 2x3 Total number of guidance channels < 31

d 9 3 Number of inflight transitions < 7

e 12 3 Number of constraint equations minus 1 < 7

I



A. Packed list name NONOFF * BPU name NTBITS .. Common block name TONOFF

B. one packed group per Component of which there may be 620

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 30 Time OFF In units of Q9Q2

b 31 7 Number of DAMAGE EVENTS

c 38 7 Number of FAIL EVENTS

D. Bits

E. List

i per unit 44 . Total packed list length 27,280

: dimension on machine with word length of:

60 bits 455 words; 36 bits 758 words; bits

bits.

words
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A. Packed list name NPSHPT . BPU name NBITS4 . Common block

B. One packed group per Ship Type of which there may

C. Packing Format:

name SHIP

be 31

First Field
Field Bit No. Width Purpose Remarks

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data

C 3 4 Number of scanning radar sets 5 7

d 7 4 Number of guidance channel groups • 7

e 11 2x4 Total number of guidance channels • 63

f 19 4 Total number of missile launchers • 15

g 23 2x4 Minimum assign to launch time seconds

h 31 2x4 Maximum assign to launch time seconds__________ .

- -1 -x aiu sint anhtm eod 

D. Bits per unit 38 . Total packed list length

E. List dimension on machine with word length of: -

60 bits 20 words; 36 bits 33 words;

F. Notes:

1178

bits

bits.

words
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BPU name NB5 . Common block name COMPON

B. One packed group per Entry (Note 1) of which there may be 1178

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

K# 10 Depth of keel feet, Note 2

K+1 10 Hull Descriptor feet, Note 3

K+2 10 Hull Descriptor feet

K+3 10 Hull Descriptor feet

K+4 10 Hull Descriptor feet

K+5 10 Hull Descriptor feet

K+6 10 Hull Descriptor feet

K+7 10 Height of main deck from water feet

K+8 10 Position of X + 500 feet

K+9 10 Rectangular Y + 500 feet

K+10 10 Solid Y + 500 feet

K+ll 10 Dimensions length feet Note 4

K+12 10 of rectang- width feet

K+13 10 ular solid height feet

NNSPGO N+l)

D. Bits

E. List

F. Note,

; per unit 10 . Total packed list length

: dimension on machine with word length of:

60 bits 197 words; 36 bits 328 words;

!5:

11,780 bits.

bits words

IThe entries for ship type number N are stored in unit numbers NNSPGO(N) through
[NNsPGO (N+1) - 1]

2K = NNSPGO(N)
3See amplification of card type TSH in Appendix A

4 Measured from stern to bow B-41

A. Packed list name- NSPGO 4



A. Packed list name NSTCOM BPU name NBI . Common block name COMPON

B. One packed group per Ship Type Component of which there may be 620

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 7 Component ID No.

b 8 7 Component Type No.

c 15 7 Scenario Cost Index

d 22 8 field presently unused

e 30 11 X-position coordinate + 500 feet

f 41 11 Y-position coordinate + 500 feet

g 52 11 Z-position coordinate + 500 feet

h 63 1 Exterios (1)/Interior (0) Indicator

i 64 5 System Code, if applicable Note 1

i 69 5 System Type No., if applicable

D. Bits per unit 73 . Total packed list length

E. List dimension on machine with word length of:

60 bits 755 words; 36 bits 1258 words;

F. Notes:

1System Code:
Radar = I
Guidance Channel = 2
Launcher = 3
All others = 0

45,260 bits.

bits words

B-42
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A. Packed list name NTGPAR , BPU name NBITS5 .. Common block name TARGET

B. One packed group per Target Type of which there may be 15

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data i.e., well-defined

c 3 1 Guidance dependency Note 1

d 4 4 Vulnerability group index < 15

e 8 4 Cross section group index 6 15

f 12 10 DEP/CEP feet

g 22 10 REP/option Note 2

h 32 10 Velocity standard deviation feet per second

i 42 15 Warhead lethality equivalent
pounds TNT

i 57 10 Fuze delay distance feet

k 67 7 100 x probability of dud

1 74 15 missile sensor wavelength centimeters

D. Bits per unit 88 . Total packed list length

E. List dimension on machine with word length of:

bits 22 words; 36 bits 37 words;

1320

bits

bits.

words

IFF. Notes:
I 10 - no dependency; 1 - dependency'exists (for at least one parasite in the case of

--Elaunch vehicle)
2 If equal to 0, then field f is interpreted as a CEP value. Otherwise, field f is

I DEP and field g is REP, both in feet

B-43
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A. Packed list name NTRHO

B. One packed group per Componen

BPU name NB9 . Common block name COMPON ,

,t of which there may be 620

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 30 Time of last event (1-) In units of Q9Q1

b 31 30 Time of last off (zero if on) In units of Q9Q2

c 61 20 Repair rate that is currently being In units of Q9Q3
applied (rc)

d 81 20 Repair rate as determined by last In units of Q9Q4
damaged or fail event (P)

D. Bits per unit 100 . Total packed list length

E. List dimension on machine with word length of:

60 bits 1034 words; 36 bits 1723 words;

50,000 bits.

bits words

B-44
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I A. Packed list name NUDOOF

B. One packed group per Co

* C. Packing Format:

D. Bits

E. List

per uni

: dimensi

60 bitE

BPU name

omponent

it 2 2 Total packed list length

ion on machine with word length of:

B 21 words; 36 bits 35 words;

NB6 . Common block name COMPON

of which there may be 620

1240

bits

bits.

words

B-45

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Up (0)/Down (1) State

b 2 1 On (0)/Off (1) State



A. Packed list name NVrSHIPT . I

B. One packed group per Ship. Type

C. Packing Format:

BPU name NIBITS6 . Common block name

of which there may be _

D. Bits per unit 300 . Total packed list length

E. List dimension on machine with word length of:

60 bits 155 words; 36 bits 259 words;

9300

bits

bits.

words

B-46

I
SHIP

31

First Field Purpose Remarks
FieldBit No. Width

a 1 6 p, - radial distance to 1st component 10's of feet
group 1' ffe

b 7 6 el - bearing to the 1st component group 60 steps CW from bow

c 13 6 Z- height of 1st component group feet
above ship Z coordinate

d 19 6 v1 - vulnerability factor for 1st
component group

e 25 6 n1 - number of components in the 1st
component group

- 271 6 Plo

- 277 6 010

- 283 6 Z10

- 289 6 v .

- 295 6 naO

______ _____________ ____________________________________________ _____________________.

I
..I

I
I
I
I
I
I
1

I
I
I

I
I

I
I



Appendix C

DEFINITIONS OF VARIABLES IN COMMON

0

-''� 7

:� i�r k



I

I

I
I

- Ii

0



Appendix C

DEFINITIONS OF VARIABLES IN COMMION

There are 48 labeled common blocks used in the simulation, including 11

unique to the TDHS version." On the following pages, the contents of each common

Iblock is specified by giving the name, dimensions, and a brief description of

each parameter within the block Dimensions are specified for two configurations

of the simulation model:

I ~Full, All arrays and packed lists are at their maximum

allbwable dimensions. Full task force runs with

I ~~~~large raid sizes may be conducted with this

configuration.

I ~Reduced. Many arrays and packed lists are reduced in size

from their maximum potential. Single ship and

I ~~~~small task force runs with limited raid sizes

may be conducted with this configuration.

UThe purpose of the reduced configuration is to allow smaller and simpler runs

Ito be made at lower cost since less central memory space is required. of

lesser importance is that the replication data tape file will be shorter,

Ithus reducing reading and writing times. Table C-l shows the sizes of

various kinds of units associated with the two model configurations. These

sizes have been given names and are further discussed in common block

IMAXES. An index to the various common blocks is presented in Table C-.2.

As a general rule, the Type Data lists and arrays have not been

Ireduced, on the basis that the range of options and configurations afforded

by these data should be available in full even for individual runs of quite

Ilimited scope. The reduced configuration given here is just one of numerous

possible ways to accomplish this objective. Any user of the model who

Idetermines that some other combination of size reductions is advantageous

can redimension the common block lists and arrays as appropriate, following

Ithe procedure outlined in Appendix D.

I ~Blank (unlabeled) common storage is not used in the model.

c-1



Table Cl - Full and Reduced Unit Sizes

Sizes Size
Number of: Name

Full Red.

Component types 200 100 NCTMAX

Ship types 31 7 NSTMAX

Ship-type components 620 140 ICOMAX

Rectangular solids 155 35

Ships 31 7 ISMAX

Components 620 140

Boolean functions 620 140 NBF

Boolean function variables 3100 700 MBV

Radar types 31 31 NRTMAX

Radar sets 63 15 IRMAX

Guidance-channel-group types 15 15 NGCTMX

Guidance-channel groups 63 15 IGCGMX

Guidance channels 255 63 IGCMAX

Launcher types 15 15 NLTMAX

Launchers 63 15 ILMAX

Missile types 15 15 NMTMAX

Target types 15 15 NTTMAX

Target cross-section groups 15 15 NCSGMX

Target ECM loading groups 15 15 NECMAX

Targets 255 63 JTMAX

Weapon (parasite) profile descriptions 31 31 JWPMAX

C-2
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Table C2 - Common Blocks

Common Size Page
Block F | Red- Remarks Number
Name Full IRed.

719
493
185

1054
36

6
4

125
51
55

3
2

45
192

7
29
90
20

1093
6

418
5

52
354
105

4
74
24

7
10

401
194

18
226
378
497
421

84
60

131
1637

978
63

124
257

4097
600
355

3

Note 1
Notes 2 and 4
Note 3

Note 3

Note 2

Note 3

Note 3

Note 3
Note 3
Note 4

Note 3

Note 2

Note 4

Note 3

Note 3

Notes 3 and 5
Note 6
Note 3

Note 3

C- 4
C- 5
C- 6
C- 7
C-1l
C-10
C-12
C-13
C-14
C-15
C-16
C-17
C-18
C-21
C-22
C-23
C-24
C-25
C-28
C-29
C-30
C-31
C-32
C-33
C-34
C-35
C-36
C-37
C-38
C-39
C-40
C-41
C-42
C-43
C-44
C-45
C-45
C-46
C-47
C-48
C-49
C-51
C-52
C-53
C-56
C-57
C-58
C-59
C-61

NOTES:

'The length of this common block includes an arbitrary allowance for
the game event calendar.

2This common block is used only in the Pregame Processor.
3Packed list length(s) included in the size of this common block are
based on a machine capable of storing 20 characters in two machine
words.

4Alphanumeric array lengths included in the size of this common block
are based on a machine capable of storing 20 characters in two machine
words.

5The length of this common block includes an arbitrary allowance for the
target master flight path data array.

6
This dimension of the common block includes storage unique to the TDHS uersion of
the model.

C-3

BOOL
CALNDR
CARDFO
COMPON
CONSOL
COSTS
CONSTS
CSGECM
DRATO
DROPQ
ENVRON
ERRORS
EVENTS
GUIDCH
IO
LAUNCH
LCHSEC
MAXES
MISSL
MPARAM
NAMES
NEXTUP
OPTION
RADAR
RADSEC
RAID
RANDOM
RDRSMR
REP
RSET
SHIP
SHPTYP
SR VTIM
SUMMRY
SUNS
TARGET

TELCOMM
TIMCHK
TIMES
TRACK
TRGDTA
TRKCOL
TRKSMR
VID
VIDTRK
WASTE
WEAPON
ZBOOL

3519
1093
185

3838

6
4

755
51

3
2

45
356

7
82

378
20

1093
6

466
5

52
378
441

4
74

7

535
194

936
153
2113
2137

322
60

515

4362

600
355

3



I
Common block name BOOL. Sizes: Full 3159 , Reduced 719

I a I I I
Parameter Dimensions

Name Full Red. Description-~ ~ I
T

IBOLFN 259 59 Packed list containing function number, begin-
ning location, and number of Boolean variables
in IBOLV, and logic indicator for each Boolean
function.

IBN 1 1 The number of bits required to store the
information in IBOLFN for one Boolean function.

IBOLV 414 94 Packed list containing Boolean variables for
each Boolean function.

IBV 1 1 The number of bits required to store the
information in IBOLV for one Boolean function.

IBORD 1240 280 List of ordered pairs of numbers, relating
each Boolean function number with its index
in IBOLFN.

IBIND 1240 280 List of ordered pairs of numbers, relating the
initial Boolean function number of a run of
consecutive numbers with its index in IBORD.

NBF 1 1 Number of Boolean functions.

IAND 1 1 The word AND.

I0R 1 1 The word OR.

IBLANK 1 1 A blank character.

C-4
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t
Co bSizes: Full 1093 , Reduced 493

Dimensions
Parameter - - Description

Name Full Red.

| LENCAL 1 Current length of the game event calendar.
(Same value as KLNGTH in common block NEXTUP.)

A multiplication factor used to pack the first

LSIE 1 1 integer parameter of an event into its NCAL
word (see below). Equals 210.

A multiplication factor used to pack the type

LSNE 1 1 number of an event into its NCAL word (see

below). Equals 220.

An array of game event names to which values

ENAMES 45t 45t are assigned with a DATA statement in sub-
routine GAMINI; used with an A6 format for

event listing printouts.

+ Priority ranking table used for scheduling
NPRIOR 45 45 simultaneous events.

An array each word of which contains the event

* type number and two integer parameters for a

single calendar entry packed as follows:

LSNE*NE+LSIE*IE+JE.

$ t An array of event times corresponding to the
TCAL 500 200 NCAL array above. TCAL, NCAL, and LENCAL

together constitute the game calendar.

NEVSEQ 1 1 The cumulative number of events processed during
play of the game.

Notes:

The dimension of this array must be at least as large as the highest

numbered event type to be processed.

The length of the calendar arrays is set arbitrarily; greater or

lesser dimensions may be found advisable after some experience in

using the model has been developed.

C-5

Common block name CALNDR



Common block name CARDFO, Sizes: Full 185 , Reduced 185

Parameter Dimensions

Name Full Red. Description

ACARD 2t 2t Array into which 20 character BCD fields are
read from cards.

ALPHAS 26 26 Array containing the letters A through Z.

AWCARD 3 3 Array into which columns 1 through 3 are read
from cards.

Floating point variables read from one or more

FLTARY 64 64 cards by subroutine CRDARY are transferred

into this array.

FPCARD 7 Array containing the floating point variables
read from one data card.

Integer variables read from one or more cards

INTARY 64 64 by subroutine MRDARY are transferred into this

array.

IONE 2 2 Storage area for the integers 1 and 0.

I2CARD 1 1 Contains the integer value read from columns
4 and 5 of a data card.

I5CARD 14 14 Contains integer variables read from one data
card.

Option indicator for printing the type data

where: the value 1 means print all types for

MLIST 1 1 which there is data and, the value 0 means

print only the newly defined types (i.e., those

types read from the card reader file).

Print option indicator where: the value 1

means produce a single-spaced listing of all

card inputs printing each card with the same

M8080 1 1 format used for reading the card (which means
it is not truly an 80-80 listing since the

formats are not strictly FORTRAN A-type con-

versions) and, the value 0 means this listing

is not desired.

Notes:
t
The dimension of this alphanumeric array corresponds to the number

of machine words being used to store 20 BCD characters.
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Sizes: Full 3838* , Reduced 1054*

Parameter Dimensions
Name I Full 1 Red. 1 Descriptionm Full

1

1

28

305

1

1

1

1

1

1

19

175

8

Number of bits required to store the informa-
tion in ICOMPO for one component.

Number of bits required to store the informa-
tion in ICTPAR for one component type.

Packed list of integer parameters for
components.

Packed list of integer parameters for up to
NCTMAX component types.

Number of bits required to store the informa-
tion in NSTCOM for one ship type component.

Number of bits required to store the informa-
tion in NBOVAR for one ship type component.

Number of bits required to store the informa-
tion in NSPGO for one entry (Note 1).

Number of bits required to store the informa-
tion in NUDOOF for one component.

Number of bits required to store the informa-
tion in NCCCDT for one component.

Number of bits required to store the informa-
tion in NTRHO for one component.

Packed list of component identification numbers
for up to ICOMAX ship-type components.

Packed list of costs for each component.

Ship-type components assigned to ship type I
are indexed from NCOMP(I) through [NCOMP(I+-l)-l].
The indices I and NCOMP(J) are assigned by the
PGP.

Notes:
*These figures are based upon a machine word length of 60 bits.

ISee packed list description for NSPGO in Appendix B for explanation of
entry.
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NB9

NBOVAR

NCCCDT

NCOMP

1*

124

610

1

1

1
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Common block name COMPON (Continued)

Parameter Dimensions

Name Full Red. Description

NCOMPS 32 8 Components assigned to Ship J are indexed from
NCOMPS(J) through[NCONPS(J+l)-1]. The Indices
J and NCOMPS(K) are assigned by the PGP.

NNSPGO 32 8 Ship-geometry descriptors for Ship Type I are
in units NNSPGO(I) through [NNSPGO(I+Il)-l] in
the packed array NSPGO.

NSHPS 1 1 Number of ships in a run of the game.

NSHPT 1 1 Number of ship types in a run of the game.

NSNST 31 7 Ship number I has Ship-Type Number NSNST(I).
Both I and NSNST(I) are assigned by the PGP.

NSOFET 31 7 NSOFET(J) is the total number of ships of Type
J, where J is assigned by the PGP.

NSPGO 197 45 Packed array of ship geometry descriptors for
up to NSTMAX ship types.

NSTCOM 755 171 Packed array of integer parameters for up to
ICOMAX ship-type components.

NSTPN 31 7 NSTPN(I) is the user assigned ship-type number,
where I is the ship-type number assigned by the
PGP.

NTRHO 1034 235 Packed list of integer parameters for components

NUDOOF 21 5 Packed list of On/Off-Up/Down states for
components.

NUN 31 7 NUN(I) is the user assign number of Ship I,
where I is assigned by the PGP.

Q4Ql 1 1 Scaling factors for storing information in
Q4Q2 1 1 packed list ICTPAR.

Q7Q1 1 1 Scaling factors for storing information in
Q7Q2 1 1 packed list NCCCDT.
Q7Q3 1 1

C-8



Common block name COMPON (Concluded)

Parameter I Dimensions
Narameter Full RDescriptionName Full IRed.

1

1

1

1

1

1

1

1

Scaling factors for storing information in
packed lists NONOF and NTRHO.
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I
Common block name COSTS . Sizes: Full 6 , Reduced 6 3- 
Parameter Dimensions |

Name Full Red. Description

T
NDMCT 2 2 Integer array containing total cost of failure

and damage incurred by the task group. The
first entry is the running cost of damage for
the current replication, and the second entry
is the accumulated cost for all completed
replications for the current run.

NORDCT 2 2 Integer array containing the total cost of
ordnance expended by the task group. Entries
are analogous to those in NDMCT.

NSCNCT 2 2 Integer array containing total scenario cost as
a consequence of damage and failure. Entries
are analogous to those in NDMCT.
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Common block name CONSOL . Sizes: Full , Reduced 36

Parameter Dimensions

Name Fl Red- Description
I ,

ICOPER 5 Packed list of integer parameters for up to ICMAX
tracking operators.

IBITS8 1 The number of bits required to store the information in
ICOPER for one tracking operator.

THETAZ 3 The boundaries in radians of the primary and secondary
zones of interest, where (1) represents the smaller boundary
of the primary zone, (2) the larger (smaller) boundary of
the primary (secondary) zone, and (3) the larger boundary
of the secondary zone.

ITRSUP 7 Packed list of integer parameters for the track supervisor.

IBITS9 1 The number of bits required to store the information in
ITRSUP for one track supervisor.

JTADD 1 Whenever a track is established, this variable is used as the
threshold for determining whether or not to activate an
additional tracking operator.

JTSUB 1 Whenever a track is dropped this variable is used as the
threshold for determining whether or not to deactivate a
tracking operator.

ZWIDTH 1 The fraction of the radar scope (e.g., 80/360) covered by th
primary and secondary zones of interest.

TSEQ 7 An array of times for each of ICMAX operators indicating
the time at which an operator completed his most recent
service operation.

NSEQ 7 The number of times each tracking operator has been
sequenced to a track.

NAOPS 1 The number of currently active tracking operators.

C-li
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name CONSTS . Sizes: Full 4 , Reduced 4

Parameter Dimensions

Name Full Red. Description

PI The numerical value 3.1415926536.

PIOVR2 1 1 The value of PI divided by 2.

RADIAN 1 1 180 divided by the value of PI.

TWOPI 1 1 Two times the value of PI.

C-12
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Common block name CSGECM Sizes: Full 755 , Reduced

Dimensions
Parameter

Description
Name Full Red.

Radar cross section data for up to 15 cross

CSDATA 7,7,15 7,1,15 section groups. The reduced dimension permits

only cross-section option 1 (see Card Type TC).

* 4 Packed list of integer parameters for up to
NCSGMX cross-section groups.

NBITS1 1 1 The number of bits required to store the infor-
mation in NCSGRP for one cross-section group.

*ECMGP 14 14 Packed list of integer parameters for up to

NECMGP_ 14 14_____ NECMAX ECM loading groups.
The number of bits required to store the infor-

NBITS2_ mation in NECMGP for one ECM loading group.

Notes:
*
These figures are based upon a machine word length of 60 bits.
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Co bSizes: Full 51 , Reduced

Parameter Dimensions
Name Full Red. Description

50

1

50

1

Floating-point array of damage parameters. The

array is used to pass parameters from event
IMPACT to the resulting DAMAGE events.

Integer pointer for the above array.
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Common block name DROPQ . Sizes: Full , Reduced 55

Parameter Dimensions

Name Full Red. Description

I
LTSQ 1 Points to the location in the array KTSQ (below) of the

next track to be removed from the queue.

NTSQ 1 The number of tracks currently stored in the array KTSQ.

KQLONG 1 The dimension of the array KTSQ.

KTSQ 20 An array, called the drop-track queue, which contains
tracks to be dropped by the track supervisor.

TIMEIN 20 The time that a track was entered into the array KTSQ.

LENTHQ 4 An array containing the minimum and maximum drop-
track queue lengths along with two parameters used to
compute the average queue length during the game.

QLTIME 2 The time at which the minimum and maximum queue
length, respectively, was attained.

WAITIM 6 A 2 x 3 array where column 1 contains the minimum
waiting time along with the time of occurrence, column 2
the maximum and its occurrence time, and row 1, column 3
the total waiting time.
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Common block name ENVRON Sizes: Full 3 , Reduced

Parameter Dimensions
Name Full Red. Description

-I-1

1

Wind speed (scenario)

Altitude at which the wind speed was taken

Nominal reflection coefficient
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Sizes: Full 2 , Reduced 2

Parameter Dimensions

Name Full Red. Description

A flag used to indicate whether or not one or

NPFLAG 1 1 more nonfatal errors have been detected for the

current type data being processed.

NUMNY 1 1 The total number of nonfatal errors detected
by the pregame processor.

C-17

Common block name ERRORS 



Common block name EVENTS Sizes: Full 45* , Reduced 45*

Notes:

*The last 14 event types are unique to the TDHS version.
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Common block name EVENTS (Concluded)

Parameter Dimensions 

Name Full [Red. Description

IXMISS

IXNEWD

IX WAKE

IXSLEP

IXPLF

IXIFF

IXDF

IXLTDT

IXL TSP

1

1

1

1

1

1

1

1

1

1

1

.1

1

1

1

1

1

1

Number of the

Number of the

Number of the

,Number of the

Number of the

Number of the

Number of the

Number of the

Number of the

Event MISSTK.

Event NEWDET.

Event WAKEUP.

Event SLEEP.

Event PRELF.

Event IFFA IL.

Event DUD.

Event LATEDT.

Event LATESP.

I ~~I I5
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Common block name GUIDCH

* *

Sizes: Full 356 , Reduced 192

DimensionsParameter --
-7 ~~~~~~~~Description

Name Full Red.

32 * Packed list of integer parameters for up to
JGCGRP 32832CGRP IGCGMX guidance channel groups.

JBITSI I 1 The number of bits required to store the infor-
mation in JGCGRP for one guidance channel group.

K* * Packed list containing the constraint matrix, A,

_____ 96 96 for up to NGCTMX guidance channel group types.

The number of bits required to store the con-

KBITS1 1 1 straint matrix, A, in KGCA for one guidance
channel group type.

Packed list containing the constraint vectors,

KGCPC 32 32 P and C, for up to NGCTMX guidance channel

group types.

The number of bits required to store up to 8

KBITS2 1 1 values of P and 8 values of C in KGCPC for one
guidance channel group type.

KGUID 187 47* Packed list of integer parameters for up to
_________ _______IGCMAX guidance channels.

KBITS3 1 1 The number of bits required to store the infor-
mation in KGUID for one guidance channel.

NGCTYP 4 4* Packed list of integer parameters for up to
NGCTMX guidance channel group types.

The number of bits required to store the infor-

NBITS3 1 1 mation in NGCTYP for one guidance channel group

________ _______ typ e

Notes:

These figures are based upon a machine word length of 60 bits.
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Common block name I0 Sizes: Full 7 , Reduced 7

Dimensions
Parameter ~~~~~~~Description

Name Full Red.

A counter for the number of lines that have

LINES 1 1 been printed on the current page of output

listing.

NPAGE 1 1 The number of the current page being printed
in the input summary.

The logical unit number of the printer

(assigned the value 6 by the INITLZ routine).

The logical unit number of the card reader

(assigned the value 5 by the INITLZ routine).

The logical unit number of the type-replication
binary data tape, the first file of which con-

NRTAPE 1 1 tains type data and succeeding files contain

replication data for games that have been

defined.

The number of words being used to store a 20

character alphanumeric field. The value of

N20BCD is 2 for a 60-bit word machine such as

the CDC 6400 and a 2A10 format is used.

A switch'used to control the printing of
NSWICH 1 1 a

________ headings and page numbering.
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Common block name LAUNCH Sizes: Full S2 , Reduced 29

Dimensions
Parameter

Name Full Red. Description

* * Packed list of integer parameters for up to
LAUNFO 70 17

IIMAX launchers.

LBITS1 1 1 The number of bits required to store the
information in LAUNFO for one launcher.

LCHPAR*10 10 Packed list of integer parameters for up to
NLIMAX launcher types.

LBITS2 1 1 The number of bits required to store the
information in LCHPAR for one launcher type.

Notes:
These figures are based upon a machine word length of 60 bits.
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name LCHSEC . Sizes: Full 378 , Reduced 90

Parameter Dimensions
Description

.Name Full Red.

RSECTL 63 15 Right hand boundary of fire zone sector for
each of ILMAX launchers.

WIDEL 63 15 Width of the fire zone sectors.

COSRTL 63 15 Cosine of the right hand fire zone sector
boundary angle.

SINRTL 63 15 Sine of the right hand fire zone sector
boundary angle.

Cosine of the left hand fire zone sector
COSLFL 63 15

COSLFL_63 15 boundary angle.

SINLFL~ 63 15 Sine of the left hand fire zone sector boundary
________ angle.
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Sizes: Full 20 , Reduced 20

Parametr -DimensionsParameter - ecito
Name Full Red. Description

Maximum number of guidance channel groups
IGCGMX 1 1 allowable; determines the dimension of packed

list JGCGRP.

IGCMAX 1 1 Maximum number of guidance channels allowable;
determines the dimension of packed list KGUID.

The number of guidance channels actually
IGCTOP 1 1 generated in the Defense Generator; must be

_ IGCMAX.
Maximum number of missile launchers allowable;

ILMAX 1 1 determines the dimension of packed list LAUNFO

and of all arrays in common block LCHSEC.

The number of missile launchers actually
ILTOP 1 1 generated in the Defense Generator; must be

_ I MAX.
Maximum number of radar sets allowable; deter-

mines the dimensions of packed lists IRADPC and
IDETPC, and of all arrays in common block

RADSXC.

IRTOP 1 The number of radar sets actually generated in
________ the Defense Generator; must be s IRMAX.

Maximum number of defense units (ships)

allowable; determines the dimensions of packed
ISMAX 1 1 lists ISHPFO, ICOMM, and IMODIF and of array

SHIPOS in common block SHIP, and of array FDETM

in common block TECOMM.
The highest numbered defense unit actually

ISTOP 1 1 generated in the Defense Generator; must be

_ ISMAX.
Maximum number of offense units (launch
vehicles and parasites) allowable; determines

JTMAX 1 1 the dimensions of packed lists JTRGFO, JSTAR,

and IDETPC and of array DISP and all floating

point arrays in common block TRGDTA.

The total number of offense units actually

JTTUP 1 1 generated in the Raid Generator (same value
as JTGT in common block TARGET); must be
l JTMAX.

Continued on next page
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Common block name MAXES (Continued)

Par~am~ieter Dimensions

Name Full Red. Description

Maximum number of (parasite) weapon profiles

JWPMAX 1 1 allowable; determines the dimension of packed

list JWPRF.

Maximum number of ECM loading groups allowable;

_______ Idetermines the dimension of packed list NECMGP.

Maximum number of guidance channel group types

NGCTMX 1 1 allowable; determines the dimensions of packed

lists KGCA, KGCPC, and NGCTYP.

Maximum number of missile launcher types

NLTMAX 1 1 allowable; determines the dimensions of packed

list LCHPAR.
Maximum number of missile types allowable;

determines the dimensions of packed lists

MSLPAR and MSLPK and of all floating point

arrays in common block MISSL.

Maximum number of radar types allowable;

determines the dimensions of packed lists

IRDRPC and IRADPC and of array RC in common

block RADAR.

Maximum number of ship types allowable;

NSTMAX 1 1 determines the dimensions of packed lists

KRSHPT, MNSHPT, NPSHPT, and NVSHPT.

Maximum number of target types (launch vehicles

NTTMAX 1 1 and parasites) allowable; determines the

dimension of packed list NTGPAR.

Maximum number of target cross section groups;

NCSGMX 1 1 determines the dimension of packed list NCSGRP

and floating point array CSDATA.
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Common block name MAXES (Concluded)

Parameter Dimensions 1
Name Full Red. Description

-I.

ICOMAX 1 1 Maximum number of ship-type components
allowable; determines the dimensions of packed
lists IBOLFN, NBOVAR, and NSTCOM.

NCTMAX 1 1 Maximum number of component types allowable;
determines the dimensions of packed list
ICTPAR.
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Common block name MISSL
* *

Sizes: Full 1093 , Reduced 1093

Parameter Dimensions

Name Full Red. Description

MSLPAR 7* 7 Packed list of integer parameters for up to

__________ _______ _______NMIMAX missile types.

MBITS2 1 1 The number of bits required to store infor-
mation in MSLPAR for one missile type.

* * Packed list of missile lethality data for up
MSLPK 79 79 to NMTMAX missile types.

The number of bits required to store (Pk,P,o)

MBITS3 1 1 for up to 15 vulnerability groups for a single

missile type.

Floating point array of nodes describing

the performance envelope for each missile type;

PRFENV 2,9,15 2,9,15 since the first node is assumed to be at (0,0),

its storage location is utilized to store the

values of Rmin and Rmax.

Floating point array containing the time of

TOF 7,7,15 7,7,15 flight data matrix; as many as 7 rows and 7
columns for each missile type may be accom-

modated.

Notes:

These figures are based upon a machine word length of 60 bits.
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Sizes: Full 6* , Reduced 6*

Parameter Dimensions

Name Full Red. Description

...I

3

3

3

3

Scratch storage used target position in event

IMPACT.

Scratch storage used for target velocity in
event IMPACT.

Notes:
Notes:

*These figures are based upon a machine word length of 60 bits.
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Common block name NAMES Sizes: Full 466t , Reduced 418t

Parameter Dimensions

Name Full Red.Decito

t 20 character name field for up to NLTMAX
FLCTNM 2 ,15 2 .15 launcher types.

FMSTNM t 15 2t1 20 character name field for up to NMITMAX
FMS~hM 2 ,15 2 .15missile types.

t 20 character name field for up to NGCTMX
GCGTNMV 2 ,15 2t,15 guidance channel group types.

t 20 character name field for up to NRTMAX
RDR1'NM 2 ,31 2 .31 radar types.

RUNID 2t 4 from the game control card (the contents of

this array are written as the first record on

_______ ~the replication data file).
t t ~~20 character name field for up to ISMAX defense

SHIPNM 2 .31 2 ,7 units or ships.

t t ~~20 character name field for up to NSTMAX ship
SHPTNM 2 .31 2 ,31 types.

t t ~~20 character name field for up to NT7MhAX
TGTNM 2 ,31 2 ,31 target types.

CMPTNM 2t, 6 3 2t, 6 3 20 character name field for up to NCTMAX
component types.

Notes:
*1The first

numiber of
N20BCD in

dimension of an alphanumeric array corresponds to the

machine words being used to store 20 characters (see

common block I0).
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Common block name NEXTUP Sizes: Full 5 , Reduced

r-I-

5

DimensionsParameter Description

Name Full Red.

SIMTIM 1 _ Game simulation time (i.e., time of the next
event).

NEVENT 1 1 Event type number of the next event.

First integer parameter associated with the
TEVENT 1 1

next event.

Second integer parameter associated with the
JEVENT 1 1 next event.
KLNGTH 1 1 Current length of the event calendar (same
_________ _______ _______ value as LENCAL in common block CALNDR).
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Common block name OPTION Sizes: Full 52 Reduced 52_ _ _ _ _ _ R e u e d5

Parameter Dimensions
Description

Name Full Red.

ENDM1 1 Ending time of event monitoring time interval.

Detailed prereplication listing indicator

MDETAL 1 1 where (0) = no printout, (1) = first repli-
cation only, and (2) = all replications.

Controls printing of entries and deletions

MENDEL 1 1 where (0) = no printout, (1) = first repli-

cation only, and (2) = all replications.

Indicates whether event occurrences are to be

MEVENT 1 1 printed for the first replication only (1), for

all replications (2), or not at all (0).

Indicates whether occurrences of each event

MEVPRT 45 45 type are to be printed (1) or not printed (0).

May be overridden by MEVSET, below.

Controls printing of event occurrences where

MEVSET 1 1 (0) means none are to be printed, (1) = all and

(2) = some as specified by MEVPRT( ) above.

The number of impacting targets remaining at
NWPREM 1 1 the current simulation time.

STARTM 1 1 Starting time of event monitoring time inter-
STARTM_ 1 1 val.

C-32

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Common block name RADAR
* *

Sizes: Full 378 , Reduced 354 

Dimensions
ParameterDecito

Name Full Red. Description

* RADPC32 8 Packed list of integer parameters for up to

IRADPC 32 8 IRMAX radar sets.

IBITS2 1 1 The number of bits required to store the
information in IRADPC for one radar set.

IRDRPC 19* * Packed list of integer parameters for up to
19____ ______NRTMAX radar types.

IBITS3 I I The number of bits required to store the
information in IRDRPC for one radar type.

IRDROP*45 45* Packed list containing radar simulation model
integer parameters for up to NRTMAX radar types.

IBITS4 1 1 ~The number of bits required to store the option
IBITS4 1 1 5D t e a o

information in IRDROP for one radar type.

RC 8,31 8,31 Array of as many as 8 floating point parameters
for up to NRIMAX radar types.

XLMDA 31 31 Normalized threshold used in probability of
detection computation.

Notes:
*
These figures are based upon a machine word length of 60 bits.
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Coo bSizes: Full 441 , Reduced 105

Parameter Dimensions

Name Full Red. Description

RSECT 63 15 Right hand boundary of coverage sector for each
of up to IRMAX radar sets.

WIDE 63 15 Width of the radar coverage sectors.

COSRT 63 15 Cosine of the right hand coverage sector
boundary angle.
Sine of the right hand coverage sector

SINRT 63 15
boundary angle.

COSLF 63 15 Cosine of the left-hand coverage sector
boundary angle.

SINLF 63 15 Sine of the left-hand coverage sector boundary
angle.

RZROOT 63 15 Square root of the radar set antenna height.
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Sizes: Full 4 , Reduced 4

Parameter Dimensions

Name Full Red. Description

A pointer to the next available cell within the

JPATH 1 1 PATHS array; used within the raid generator

routines.

MFPL 1 1 The number of legs in the MFP currently being
used within RAIDGN.

MFPX 1 1 A pointer to the X-coordinate of the first node
of the MFP currently being used within RAIDGN.

The latest time at which any MFP node is to

TMXMFP 1 1 occur, according to the inputs to RAIDGN

___________ ________ (exclusive of parasite node times).
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Common block name RANDOM Sizes: Full 74 , Reduced 74

Parameter T Dimensions

Name Full Red. Description

M 1 1 Modulus of the x and y linear congruential
sequences used in the generation of uniformly
distributed random numbers.

FM 1 1 The floating point representation of the
modulus above.

IM 1 1 M/64

IW 1 1 2591-; the largest integer a machine word will
hold.*

IX 1 1 Current integer value in the x congruential
sequence.

Al 1 1 Multiplier for the x congruential sequence.

Cl 1 1 Increment for the x congruential sequence.

IY 1 1 Current integer value in the y congruential
sequence.

A2 1 1 Multiplier for the y congruential sequence.

C2 1 1 Increment for the y congruential sequence.

IR 64 64 Random number table.

Notes:
*These figures are based upon a machine word length of 60 bits.
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Sizes: Full , Reduced

Parameter Dimensions
Name Full Red. Description

RNGERR

AZMERR

RDRERR

POSERR

I

6

6

6

6

A 3 x 2 array where row 1 contains the minimum radar
range error in kft along with the time of occurrence, row 2
the maximum and its time of occurrence, and row 3,
column 1 the total range error.

A 3 x 2 array where row 1 contains the minimum radar
azimuth error in mils along with the time of occurrence,
row 2 the maximim and its time of occurrence, and row 3,
column 1 the total azimuth error.

A 3 x 2 array where row 1 contains the minimum net
radar error in kft along with the time of occurrence, row 2
the maximum and its time of occurrence, and row 3, colum
1 the total net radar error.

A 3 x 2 array where row 1 contains the minimum track
symbol to video distance in kft along with the time of
occurrence, row 2 the maximum and its time of occurrence,
and row 3, column 1 the total track symbol to video
distance.
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Common block name REP Sizes: Full 7 , Reduced 7

Dimensions
ParameterDecito

Name Full Red. Description

Option for printing a detailed replication

MREP11 1 summary for the first replication only (0) or

for all replications (1).

NREP 1 Number of the replication currently being
_______ played.

NREPS 1 1 The highest numbered replication to be played.

The number of the first replication to be

NREP1 1 1 played (one greater than the number of repli-

cations previously played).

REPID 2 2 20 character identification of the game.

The logical unit number of the scratch file

NSCRCH 1 1 containing replication data for the game.

currently being played.

Notes:

The dimension of this alphanumeric array corresponds to the number

of machine words being used to store 20 BCD characters.
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Common block name RSET . Sizes: Full , Reduced 10

Parameter Dimensions

Name Full Red. Description

COSTHT 1 The cosine of the angle* of rotation. Applicable only if
the reachable set is an ellipse.

SINTHT 1 The sine of the angle of rotation. Applicable only if the
reachable set is an ellipse.

BSQ 1 Computed as 1.0 - E2 where E is the eccentricity of the
ellipse. Applicable only if the reachable set is an ellipse.

MRSOPT 1 Indicates the form of the reachable set where 1 means a
circle and 2 an ellipse.

RADSQ 1 The square of the radius limiting the size of the reachable
set.

SFACTR 5 An array of 5 scale factors which are used to increase or
decrease the size of the reachable set. The factors are a
function of the number of reports in the track history.

Notes:
*e.g., the angle between the X-axis and the current flight path leg of
of the target under consideration.

C-39



Common block name SHIP Sizes: Full 535 , Reduced 401

Parameter Dimensions
Description

Name Full Red.

ISHPFO 49* 11* Packed list of integer parameters for up to
________ ISMAX ships.

The number of bits required to store infor-
IBITS5 1 1

_______1 n mation in ISHPFO for one ship.

*RSHPT 1 19 Packed list containing radar types for up to
KRSHPT 19 19

NSTMAX ship types.

The number of bits required to store infor-

KBITS4 1 1 mation in KRSHPT for a maximum of 7 radar sets

for a single ship type.

MNSHPT*163 163 Packed list of guidance-channel-group integer
parameters for up to NSTMAX ship types.

The number of bits required to store infor-

MBITS1 1 1 mation in MNSHPT for a maximum of 7 guidance-

channel groups for a single ship type.

* * Packed list of integer parameters for up to
NPSHPT 20 20

NSTMAX ship types.

The number of bits required to store infor-
NBITS4 1 1

mation in NPSHPT for one ship type.

* * Packed list of component position and vulner-
NVSHPT 155 155

ability data for up to NSTMAX ship types.

The number of bits required to store infor-

NBITS6 1 1 mation in NVSHPT for up to 10 component groups

for a single ship type.

SHIPOS 3,31 3,7 Array of position coordinates (X,Y,Z) for up
to ISMAX ships.

INRNG 31 7 Array of in-range target counters for up to
ISMAX ships.

Notes:

These figures are based upon a machine word length of 60 bits.
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Sizes: Full 194 , Reduced 194

Parameter Dimensions
Name Full Red. Description

KRSHPT

KBITS4

KTSHPT

KBITS5

MNSHPT

MBITS1

Notes:
*These

19*

1

9*

1

163 *

1

19*

1

9*

1

163 *

1

Packed list containing radar types for up to NSTMAX
ship types.

The number of bits required to store information in
KRSHPT for a maximum of 7 radar sets for a single ship
type.

Packed list containing radar and scope limit assignments
for the track supervisor and tracking operators aboard
this ship type.

The number of bits required to store information in
KTSHPT for a maximum of 7 radar and scope limit
assignments for a single ship type.

Packed list of guidance channel group integer parameters
for up to NSTMAX ship types.

The number of bits required to store information in
MNSHPT for a maximum of 7 guidance-channel groups
for a single ship type.

figures are based upon a machine word length of 60 bits.

C-41

I

I

Common block name SHPTYP



Common block name SR VTIM _ Sizes: Full , Reduced 18

Parameter Dimensions 1
Name Full Red. Description

- -

MSR VTS

MSRVDT

JCMISS

RSMAX

2

14

1

1

The minimum and maximum mean value service times
for the track supervisor.

A 2 x 7 array of minimum and maximum mean value
service times for each of up to 7 tracking operators.

The number of consecutive missed reports necessary to
initiate drop track action.

The maximum allowable reachable set radius or major
axis in kft.

C-42

I
I1

I
I
I
I
I
I
I
I
I
I
I
I
I
II

I
I



Common block name SUITSIRY Sizes: Full

* *

936 , Reduced 226

Parameter Dimensions
Name Full Red. Description

RMINL 63 15 Min. intercept range achieved by each launcher.

RMAXL 63 15 Max. "

AMINL 63 15 Min. intercept altitude " " "

AMIAXL 63 15 Max. " It

t
RSUML 63 15 Sum of all intercept ranges f or each launcher.

ASUML 63 15 Sum altitudes ' '

RMINR 63 15 Min. detection range achieved by each radar set

RMAXR 63 15 Max.

t
RSUMR 63 15 Sum of all detection ranges for each radar set.

Min. probability of detection (at target
detection event) for each radar set.

PMAXR 63 15 Max. probability of detection, as above.

PSUMIR 63 15 Sumf of all detection probabilities for each
radar set.

* * Packed list of output summary information for
J'TOUT 179 4 5 each target.

The number of bits required to store the
information in JTOUT for one target.

Notes:
These figures are based upon a machine word length of 60 bits.

tAt the completion of a replication, the sum is.divided by the
number of occurrences to obtain the average value.
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Common block name SUN S Sizes: Full 1530 , Reduced 378

Parameter DimensionsParameter_____ Description
Name Full Red.

Array of vertical angle resolution numbers for
each target with respect to a particular radar

MSUNV 255 63 under consideration; may be used as a temporary
storage array by routines not associated with
radar simulation.

MSUNH 255 63 As above for horizontal angle resolution.

MSUNR 255 63 As above for range resolution.

MSUNC 255 63 As above for closing speed resolution.

Array used to indicate current detection status
and eligibility for consideration of each

IDSTAT 255 63 target with respect to a particular radar under
consideration; may also be used for temporary
storage.
Array used to store the jamming power density
of each appropriate target (e.g., above the

JMSTAT 255 63 radar horizon) on the frequency band of a
particular radar under consideration; may also
be used for temporary storage.
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Common block name TARGET
*t

Sizes: Full 2113 , Reduced
2137$

*t'
497
421t

Parameter Dimensions
Description

Name Full Red.

DISP 3,255 3,63 Array of target displacements (AX,AY,AZ) from
the associated master flight paths.

The latest target node time from which parasite
ENDG'IM 1 1 launches are referenced or, if there are no

parasites, the latest node time of any target.

JPAR 1 1 The total number of parasite targets specified
in the RAIDGN inputs.

JTGT 1 1 The total number of targets, including para-
sites, specified in the RAIDGN inputs.

JTRGFO 319 79* Packed list of integer parameters for up to
JTMAX targets.

JBITS3 I I The number of bits required to store infor-
mation in JTRGF0 for a single target.

J'WPRF 8 ** Packed list of integer parameters for up to
JWPMAX weapon profile descriptions.

JBITS4 I 1 The number of bits required to store infor-
mation in JWPRF for one weapon profile.

NTGPAR*14 14* Packed list of integer parameters for up to
NTTMAX target types.

NBITS5 1 I The number of bits required to store infor-
mation in NTGPAR for-one target type.

LPATH 1 1 Dimension of the PATHS array.

PATHS 1000t 200t Array of master flight path and weapon profile
____ ___ data.

JTFAIL 23 Packed list of failure probabilities for up to JTMAX targets.

JBITS7 I The number of bits required to store the failure probabilities
in JTFAIL for one target.

Notes,

These figures are based upon a machine word length of 60 bits.

tThe dimension of the PATHS array is- set arbitrarily; generation of

numerous and lengthy MFPs and weapon profiles would necessitate
increasing the dimension of this array.

tThese sizes include the storage unique to the TDHS version.
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Common block name TECOMM

I.
I
I* *

Sizes: Full 332 , Reduced 84Parameter -e -

Name Full Red. Description

ICOMM 17 1 Packed list of intership-communication-link

status values.

The number of bits required to store the

IBITS6 1 1 communications link status data in ICOMM for

one ship (receiver).

An indicator that will override use of the

IXMIT 1 1 ICOMM list if not equal to 0. If < 0, then no
links ever exist; if > 0, then all links always
exist.

Packed list specifying which intership com-

IMODIF 17 1 munications links are allowed to be modified

by the effects of enemy jamming.

The number of bits required to store the
IBITS7 1 1 modification specifications in IMODIF for one

ship (receiver).

An indicator that will override use of the

MODIFY 1 1 IMODIF list if not equal to 0. If < 0, then no
links are allowed to be modified; if > 0, then

all links are allowed to be modified.

COMDLY 1 1 Intership-communications time delay (seconds).

Time at which the first target detection takes
FDETIM 31 7 place by each of ISTOP ships; used to trigger

subsequent TEWA events.

TEDLY 1 1 Time delay from first target detection to
earliest possible weapon assignment (seconds).

MTHRT 255 63 Target threat number list, made up and used
within the TEWA routine.

VAC 2 2 Vital Area Center position coordinates (X, Y).

Range squared threshold values used to
THRES 4 4 determine the range parameter of a target's

threat number.

Notes:

I f* a 5.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

These figures are based upon a machine word length of 60 bits.
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Common block name TIMCHKI

Parameter Dimensions
Name Full Red.-4 - - -~~~
TOLER 60 60

Sizes: Full 60 , Reduced 60 

Description _

. . I mr

:3:

The tolerance, by event type, within which the :
time of a scheduled event must agree with a
designated time in order for the former to be
canceled from the calendar by routine CANCEL.
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Common block name TIMES Sizes: Full 515 , Reduced 131

Parameter Dimensions
Description

Name Full Red.

The time delay between the decision to abort

ABRTM 1 1 a launched missile and the occurrence of the

abort.

ASGNTM 255 63 The assignment time of a guidance channel's
currently held assignment.

End of play time computed by the simulation

program. If there are no parasites, ENDTIM is

equal to ENDGTM (see common block TARGET). If

there are parasites, when time ENDGTM is

ENDTIM 1 1 reached a check is made to see if there are

active parasites remaining. If there are,

ENDTIM is equal to the latest impact time; if

there are not, ENDTIM is ENDGTM.

GAMTMX I I End of play time specified on the game
parameter card.

RELTM 255 63 The release time of a guidance channel from
its currently held assignment.

TEWADT I 1 The time between successive TEWA events for
a ship group.

TINF 1 1 Variable representing a time of positive 20
___________ infinity (arbitrarily assigned a value of 10 ).
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Common block name TRACK , Sizes: Full , Reduced 1637,

Parameter Dimensions

Name Full Red. Description -

JREPRT 51 Packed list of integer parameters for up to JMAXTK
(below) tracks.

JBITS6 1 The number of bits required to store the information
in JREPRT for one track.

SYMBLS 126 A 2 x 63 array used to store the X and Y coordinates
corresponding to the track symbol position as computed
from the most recent updating of the track symbology.

TSUD 1 The time at which the track symbology was most recently
updated.

REPRTS 945 A 3 x 5 x 63 array of track history data where the first
dimension corresponds to the X, Y coordinates of the
symbol position along with the time the position was
recorded, the second dimension is for storing the 5 most
recent updatings of the symbol position and the third
dimension corresponds to the track number.

FIT 315 A 5 x 63 array of information derived by performing a
least-squares fit on the position reports held for each track.
The 5 values stored for each track are: (1-2) the X and Y
coordinates obtained by dropping a perpendicular from the
most recent position report to the regression line, (3-4) the
velocity components of the track in the X and Y direction,
and (5) the speed of the track.

JFIRM 1 The number of reports required to advance a track from
tentative to firm status.

MAXRPS 1 The maximum number of position reports on a track that
can be stored in the array REPRTS.

MAXRM1 1 The value MAXRPS minus one.

IDEXTL 1 The external identification number (used for output) of the
most recently established track.

IDTRK 126 A 2 x 63 array containing two items for each track. The
first is the external identification number associated with
the track (zero if the track has been dropped), and the
second the reporting radar for the most recent report, along
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I
Common block name TRACKf (Concluded).

Parameter Dimensions
Name Full Red. Description

with the number of reports at track establishment (packed
as the reporting radar plus 1024 times the number of
reports).

JTKTOP 1 The internal track number (used an an index) of the most
recently established track.

JMAXTK 1 The maximum number of tracks that can be active during
play of a game.

TSERV 63 An array of times representing the time at which servicing
of each track was most recently completed.

TIMINUP 1 The minimum time.in seconds between attempts to update
a given track.

PCTNEW 1 The percent by which a candidate track speed must differ
from a reference track speed to call it a new track rather
than a split from the reference track.

JDEG 1 The degree of the least-squares fit of the track history data.
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Common block name TRGDTA

* *

Sizes: Full 4362 , Reduced 978

Parameter DimensionsParameter --

Name Full Red. Description

Apparent height above the radar horizon, in

APHT 255 63 kft, for each target with respect to a par-

ticular radar set.

ASPECT 255 63 Horizontal aspect angle of each target with
respect to a particular radar set.

CVEL 255 63 The scalar c'losing speed of each target with
respect to a particular radar set.

The time at which each target is currently

DIE 255 63 due to die from the effects of defensive

weapon intercepts.

RANGE 255 63 The slant range from each target to a par-
ticular radar set.

The horizontal angle to each target from a

HRZANG 255 63 particular radar set (in radians, CCW from the

+X axis).

The horizontal offaxis antenna pattern function

FNHORZ 255 63 value with respect to a particular radar, when

attempting to detect a specified target.

The vertical angle to each target from a par-

VRTANG 255 63 ticular radar set (in radians above the radar

horizon).

The vertical offaxis antenna pattern function

FNVERT 255 63 value with respect to a particular radar, when

attempting to detect a specified target.

POS 3,255 3,63 The (current) position of each target (X,Y,Z).

- The (current) velocity of each target
VEL 3,255 3,63 (V V, V).

x y z

Packed list of the detection status of each

* * target with respect to each radar set. The

dimension of this list is derived from the

product of JTMAX and IRMAX.

The number of bits required to store infor-

IBITS1 1 1 mation in IDETPC for one radar. The value of

IBITS1 is equal to 2 times JTMAX.

Notes:
*
These figures are based upon a machine word length of 60 bits.
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Common block name TRKCOL Sizes: Full _ _ , Reduced 63

Parameter Dimensions 1
Name Full__ Red. Description

JTKCOL

Notes:

63 The ith entry in this array contains the track number
which corresponds to the (i+1)th column of the video-
track correlation score array, COR. * This data allows
the track supervisor to utilize the correlation and assign-
ment information generated within the detector/tracker
routine.

*The COR array is in common block VIDTRK.
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Sizes: Full _ _, Reduced 124

Parameter Dimensions.
Name Full|Red, Description

NLATES 1 The number of late detections recorded in the play of a
game.

RLATE 1 The square of the range used to determine when a detection
is a late detection.

NSEQOP 1 The total number of times all tracking operators are
sequenced to tracks.

JMINUP 1 The minimum number of updates performed on a track.

JMAXUP 1 The maximum number of updates performed on a track.

TE1ST 1 The time at which the first track is established.

TPREVT 1 The time of the most recent establishment or dropping of
a track.

ATRKTM 1 Each time a track is established or dropped, the number of
currently active tracks is multiplied by the time period
(current time minus TPREVT) over which this number was
active. The value of this variable represents the total of all
such products during a play of a game and is used to
compute the average number of concurrently active tracks.

JATMAX 1 The maximum number of active tracks held during the
play of a game.

TBUOP 3 The minimum, maximum, and total time, respectively,
between updates with respect to any operator. The time
between updates represents the time between completion
of the current service operation and the time the immediate-
ly previous service operation by this operator was completed.

TBUTK 3 The minimum, maximum, and total time, respectively,
between updates with respect to all tracks that have been
established. The time between updates represents the time
between completion of the current service operation and
the time servicing of this track was previously completed.

RNGD1 3 The minimum, maximum, and total range in kft at the
time of track establishment.

I. I I
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I
Common block name TRKSMR (Continued).

I I I I I
Parameter Dimensions
Name I Full Red. Description

- .- .....
PCE 3 The minimum, maximum, and total ball tab error in kft

for each service operation.

TDUR 3 The minimum, maximum, and total track duration with
respect to all tracks. The duration of a track is defined
as the time from establishment to the time the track is
dropped or play ends.

TAT 3 The minimum, maximum, and total time that a track was
a tentative track. A track is called tentative until it has
been updated a specified number of times. The time as a
tentative track is defined as the difference between video
update times (1) at the time a track becomes a firm track,
and (2) at the time of track establishment.

TMEST 63 The time each track was established. For new detections,
the time is stored as the most recent video update time
less a scan period and for split tracks it is the most
recent video update time.

NATRKS 1 The current number of active tracks.

JMINMS 1 The minimum number of missed reports on a track.

JMAXMS 1 The maximum number of missed reports on a track.

AOPTM 1 Each time a tracking operator is activated or deactivated,
the number of currently active operators is multiplied by
the time period (current time minus TPREVO) over which
the number was active. The value of this variable repre-
sents the total of all such products during a play and is
used to compute the average number of active tracking
operators.

IAOMAX 1 The maximum number of tracking operators active at
any one time.

TPREVO 1 The time of the most recent activation or deactivation of
a tracking operator.

TiSTOP 1 The first time at which'an operator is activated.
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CTRKSMR (Concluded).

Parameter Dimensions
Name Full ! Red. Description

I- -

TIMIN

TIMAX

TA TS

I I

12

12

3

An array of times associated with the following minimum
values:
(1) The time at which the minimum number of updates

performed was recorded
(2) The time at which the minimum number of missed

reports was recorded
(3) The time at which the minimum number of active

tracks was recorded (corresponds to the time of first
track establishment)

(4) The time at which the minimum number of operators
was active (corresponds to the time of first operator
activation)

(5) The time at which the minimum time between up-
dates of a track occurred (see TUBTK)

(6) The time at which the minimum time between
updates for a tracking operator occurred (see TBUOP)

(7) The time at which the minimum track establishment
range occurred

(8) The time at which the minimum ball tab error was
recorded

(9) The time at which the minimum track duration was
recorded

(10) The time at which the minimum time as a tentative
track for new detections occurred

(11) The time at which the minimum time as a tentative
track for a split track occurred

(12) Currently unused.

An array of times analogous to TIMIN except for
maximum values.

The minimum, maximum, and total time as a tentative
track for tracks established as a results of a split.
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Common block name VID . Sizes: Full , Reduced 257 I

I I *1I I
Dimensions

Parameter F R

Name Ful Red. Description

NVIDEO 1 The number of resolved video returns obtained from the
most recent updating of video.

RRES 1 The range resolution derived from the received pulse
length.

ARES 1 The angular resolution in degrees (receiver horizontal
3 db beamwidth).

VIDEO 189 A 3 x 63 array containing the X and Y coordinates of
each of NVIDEO video returns along with the square of
the range of the video to the ship.

JVID 63 An array indicating the video return to which a target
contributed (zero if the target contributed, to no video
return).

TVUD 1 The time corresponding to the most recent updating of
video returns.

SEPSQ 1 The square of the minimum distance separation in kft
for multi-symbols.
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Common block name VIDTRK . Sizes: Full , Reduced 4097

Narameter Dimensions J
Name Full Red. Description - .

COR 3969 A 63 x 63 array of correlation scores for video-track pairs
where the rows correspond to video returns and the
columns to active tracks.

MCOR 1 The number of rows for which there are correlation scores
in the array COR.

NCOR 1 The number of columns for which there are correlation
scores in the array COR.

IASGN 63 An array containing the track number to which each video
return has been assigned.

NASGN 63 An array containing the number of real video returns which
have been assigned to each actual track.
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Common block name WASTE Sizes: Full 600 , Reduced 600

Parameter Dimensions Parameter

Name Full Red. Description
-. -

3 x 200 3 x 200 Matrix of scratch storage used primarily in the
geometrical calculations associated with event
IMPACT.
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Sizes: Full 355 , Reduced 355

Parameter Dimensions

Name Full Red. Description

LNARAY 14,15 14,15 A temporary working array of 14 integer

parameters for each of up to 15 launchers on

the defense unit under consideration. The

parameters are obtained from packed lists

LAUNFO, LCHPAR, and IRDRPC.

MAVL 15 15 An array, by missile type launched, of the

number of launchers available for possible

weapon assignment during the current TEWA

interval.

MPRIOR 15 15 Array of missile types ordered by assignment

priorities. Preference is presently given to

shorter range missile types.

MTYPES 1 1 Number of missile types in use in the game;

corresponds to the number of meaningful entries

in the MPRIOR array above.

TAIST 15 15 Ordered array of earliest possible assignment

times during the current TEWA interval for
launchers available on the defense unit under

consideration.

LLIST 15 15 A list of launcher identification numbers

corresponding to the time values in array

TALST above.

NAVAIL 1 1 The total number of launchers found to be

available within the current TEWA interval on
the defense unit under consideration.

ISTATE 10 10 An array of the numbers of weapon assignments

in each guidance channel state at a particular

time (see Appendix G).
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Common block name WEAPON (Concluded)
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Parameter Dimensions

Name Full Red.

IA 8,8 8,8 The array of coefficients (from packed list

KGCA) for the guidance channel constraint

group type associated with the launcher being

considered for possible assignment.

IC 8 8 The array of constraint values (from packed

list KGCA) to be associated with IA above.

NACTV 1 1 The number of currently active (non-disabled)

guidance channels associated with the launcher

being considered for possible assignment.
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3 , Reduced

Parameter Dimensions
Name Full Red. Description

i

1

1

1

1

1

1

Ship number

Ship-type number

Ship-type component index

Notes:
*ZBOOL is used to share the subroutine BOOK variables between routines

ADJUST and IBOOLE.

I-

eX
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Appendix D

DIMENSION-CHANGING PROCEDURE

Three categories of dimension changes will be discussed here. The

three categories are: alphanumeric name arrays, packed lists, and

nonpacked arrays.

Alphanumeric Name Arrays

All arrays of this type are dimensioned in the NAMES and CARDFO

common blocks in the Pregame Processor and in the NAMES and REP common

blocks in the Main Simulation Processor. In order to conserve memory

space, it is suggested that arrays in these common blocks be dimensioned

according to the number of characters that can be accommodated by a

machine word. For example, the CDC 6400 has a 60-bit word, there are

six bits per character, so up to 10 characters may be stored in a word.

Since all name fields allow up to 20 characters of identification, two

words are required for each name.

To run the program on a computer with a word size accommodating

fewer than 10 characters, it is necessary to alter the dimension of all

variables in the NAMES, CARDFO and REP common blocks that are dependent

upon machine word size and replace the old blocks wherever they occur in

the program. A list of subroutines requiring NAMES, CARDFO, and REP is

included in Tables D-1 and D-3.

The variable name indicating the number of words required to store

alphanumeric data is N20BCD. This variable is assigned a value in sub-

routine INITLZ in the Pregame Processor and is used to control the

reading, transferring, and writing of name fields. In addition to
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changing alphanumeric dimensions and the value of the variable N20BCD, 3
it is necessary to change those FORMAT specifications used to read or

write name fields. Such changes are referred to in Tables D-2 and D-4 3
by location of change (subroutine name) and by FORMAT statement label.

Program cards that require any of the changes discussed have been 3
denoted by punching the letter X in column 73.

I
Packed Lists

The equation used to compute the dimension of a packed list is as

follows:

D = NB*NU/WS

where D = dimension of packed list |

NB = number of bits per unit

NU = maximum number of units I
WS = machine word size (number of bits)

If D is not a whole number (i.e., if NB*NU is not an even multiple of

WS, replace D by the next integer value greater than D.

The dimensions established in the program at present are based upon

the CDC-6400 60-bit word. If the program is to be implemented on a 3
computer having a different word size, the dimensions of all packed lists

will have to be recomputed with the above equation. To facilitate the 3
accomplishment of this task, Table D-1 has been prepared to show all

occurrences in the computer program of common blocks containing packed |

lists. All packed lists are described in detail in Appendices B and C.

Once the dimensions of the packed lists have been redefined and incor- 3
porated in the program, the only remaining requirement is to change the

second parameter (i.e., the dimension of a packed list) of calls on 3
subroutine CLEAR found in subroutine INITLZ in the Pregame Processor.
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Two additional alterations of packed lists will be discussed here.

The first involves the changing of a maximum value. Suppose one wishes

to increase the maximum number of ships ISMAX. All variables affected by

such a change will be found in the SHIP common block. The dimensions

of packed lists would have to be recomputed using the above equation,

and any floating point arrays would have to be newly dimensioned. The

variable ISMAX must be assigned the new value, and calls on subroutine

CLEAR referencing packed lists that have been altered would have to be

modified. Both the value assignment and the subroutine calls are found

in the initialization routine INITLZ.

The final alteration of a packed list involves increasing or

decreasing the number of bits per unit. It is suggested that, if it is

desirable to increase the size of an existing field, it be treated as if

it were a new field being added to the packed list. In this way a small

amount of memory space will be sacrificed to minimize changes in the

program. Therefore, what follows will be a discussion related to adding

one or more fields to a single packed list.

Since the number of bits per unit has been increased, the common

block containing the packed list will have to be newly dimensioned. As

before, the appropriate call on subroutine CLEAR--found in INITLZ--must

be revised. Appendix B contains complete descriptions of packed lists,

including the variable name defining the number of bits per unit for

each packed list. This variable name is assigned a value in subroutine

INITLZ and must, of courses be assigned its new value.

The remaining and most difficult task is to find all of the packing

routine (PUTBIT/GETBIT) references to the altered packed list and to make

changes where it is appropriate. In order to make such changes it is

necessary to know the form of calls to PUTBIT/GETBIT. There are seven

parameters required for a call on PUTBIT/GETBIT: They are:
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1. PACKED: the name of the array of packed words 3
2. NBPU: the number of bits per unit for PACKED

3. NUNIT: the number of the unit being processed 3
4. IFIRST: the first bit of the field(s) of interest

5. LEN: the length of the field(s) of interest 3
6. NUM: the number of fields of length LEN to be

packed or unpacked

7. IBUF: the array or array element out of which data

is to be transferred (PUTBIT) or into which

data is to be stored (GETBIT). 3
With this description and a listing of the program, it is then a

matter of carefully perusing the programs to find all PUTBIT/GETBIT 3
references to the modified packed list and making changes as required.

I
Nonpacked Arrays

The third and last category involves changing the dimensions of |

an array that is not a packed list. As before, the common block con-

taining the array will have to be replaced wherever it occurs in the

program. Additionally, the subroutine that stores data in the modified

array must be examined to determine whether or not constraints on the I
bounds of the array need to be changed.

I
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Table D-2

NAME FIELD FORMAT REFERENCES

IN PREGAME PROCESSOR ROUTINES

D-7

I
I
I
I
I
I
I

Name of
Routine Format Statement Labels

GENER8 2010

LIST80 2001 2004

FMTNO 1Q01 1004

PRTMSL 2100

PRTLCH 2030

PRTRDR 2130

PRTGCG 2100

PRTCMP 2040

PRTSHP 2100 2140 2180 2185
2230 2235 2340

PRTTGT 2130

PRTDEF 2130

PRTRAD 2170 2180 2500
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Table D-4

NAME FIELD FORMAT REFERENCES

IN MAIN SIMULATION PROCESSOR ROUTINES

D-12

I
I
I
I

Name of

Routine
Format Statement Labels

GAMINI 1000 2000 3020

PRTDEF 2130

PRTRAD 2170 2210

REPSMR 2030 2080 2120 2160

TERMIN 4 110

TGTSMR 2210 2270 2320
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Appendix E

PREGAME PROCESSOR ERROR MESSAGES

The philosophy adopted in the design of the Pregame Processor program

has been to continue processing input data unless and until an error occurs

which makes it unreasonable to do so. Thus, there are two categories of

errors--fatal and nonfatal.

Fatal errors, which are listed in Table E-1, result in a descriptive

error message, a listing of the last card read, and termination of the in-

put process. The detection of a fatal error initiates a call on subroutine

FATAL. Three parameters required by FATAL are: (1) a calling routine

identification number, (2) a local-error type number within the calling

routine identifying the particular kind of error, and (3) the identifi-

fication number of the format used to read the last card, which, in turn,

specifies the print format.

Nonfatal errors, which are listed in Table E-2, result in a

descriptive error message including the erroneous value, a listing of

the card triggering the message, the setting of a flag which will prohibit

the writing of the replication file, and, finally, the initiation of a

recovery scheme. The method of recovery--or rather the attempt to con-

tinue processing data--will vary from one type of error to another. For

one type of error it may be appropriate to assign a maximum value to a

variable, for another, a nonzero value, and for others, perhaps the error

message is sufficient. The occurrence of a nonfatal error initiates a

call on subroutine NFERR, which requires the same three parameters as

subroutine FATAL above.
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Almost all nonfatal errors involve an attempt to assign an out-of- 3
range value to a variable. A completely different type of error may occur

if reference is made to a data set that is either ill defined or not |

defined at all. For example, if in generating a ship type reference is

made to a missile type that was found to be in error or to a missile type 3
that has not been defined, a nonfatal error message will result. Thus a

general rule to follow in setting up a data deck is that if reference is 3
made to some particular data set, it should have been previously defined.

I
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Table E-l

FATAL ERROR MESSAGES

Detecting Routine Local Error
Error Message

Number Name Type Number

1 GENER8 1 The first data card must be a

control card (the letter C in

Column 1)

2 LIST80 1 Subroutine LIST80 has been called

with a parameter for which there is

no print format

3 CRDARY 1 Columns 1-3 must contain the letters

, Card out of order, missing

card, or parameter error--detected by

routine CRDARY

4 FMTNO 1 Subroutine FMTNO has been called

with a parameter for which there is

no read format

5 TYPGEN 1 Illegal entry in Column 2 of a type

data header card--detected by

routine TYPGEN

6 MSLGEN 1 Number of performance envelope nodes

outside of bounds (3,9)

2 Row or column dimension of time of

flight array outside of bounds (1,7)

3 Number of vulnerability groups

outside of bounds (1,15)

8 GCGEN 1 Number of guidance channel constraint

equations outside of bounds (1,8)

2 Number of guidance-channel inflight

transitions outside of bounds (0,7)

9 CSGEN 1 Number of rows in cross-section data

array outside of bounds (1,7)

2 Number of columns in cross section

data array outside of bounds (l,l)

E-3



Table E-1 (Continued)

Detecting Routine Local Error Error Message

Number Name Type Number

10 SHPGEN 1 A negative value has been given for

the number of radars, guidance-

channel groups, channels or launchers

11 DEFGEN 1 A defense card has been read that

does not have the letter D in

Column 1

2 A defense card has been read that has

neither the letter F nor the letter

X in Column 2

12 SECGEN 1 A sector card has been read that does

not have the letter S in Column 1

2 A sector card has been read that has

neither the letter R,L nor X in

Column 2

13 OPTGEN 1 An option card has been read that

does not have the letter 0 in

Column 1

2 An option card has been read that has

neither the letter R,G nor X in

Column 2

14 COMGEN 1 A communications card has been read

that does not have the letter C in

Column 1

2 A communications card has been read

that has neither the letter M,S nor

X in Column 2

15 RAIDGN 1 A raid generator card has been read

that does not have the letter R in

Column 1

2 A raid generator header card has been

read that has none of the following

letters in Column 2--AMWX
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Table E-1 (Concluded)

Detecting Routine Local Error

Number Name Type Number Error Message

16 WPNGEN 1 The number of legs for a weapon
profile must be equal to 1, 3, or 4

17 MFPGEN 1 The number of legs for a master flight
path is outside of bounds (2,16)

18 ACGEN 1 Columns 1-3 of the parasite data
card read do not contain the letters
RAP

19 BOLGEN 1 Boolean-function card has been read
that does not have a letter B in
column 1

2 Boolean-function card has been read
that does not have a logic designation

20 SHPGEN 1 Ship-type card has been read that
does not have the letters TS in
columns 1 and 2 and the letter C, S,
or X in column 3

21 ENVGEN 1 An environmental data card has been
read that does not have the letter E
in column 1

2 An environmental data card has been
read that does not have the letter N
or X in column 2
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Table E-2

NONFATAL ERROR MESSAGES

Detecting Routine Local Error Error Message

Number Name Type Number

2 MSLGEN 1 The missile type _ is outside of

bounds (1,NMTMAX)

2 Option number for time of

flight data outside of bounds (1,3)

3 Option number for missile le-

thality data outside of bounds (1,2)

3 LCHGEN 1 Launcher type is outside of

bounds (1,NLTMAX)

2 Missile type launched is out-

side of bounds (1,NMTMAX)

3 Magazine capacity is outside of

bounds (1,63)

4 Number of rails is outside of

bounds (1,15)

5 Inter-rail, cycle time or button

pushing delay outside of bounds

(0,63)

6 Missile type has not been de-

fined or is not well defined (errors

were detected)

4 RDRGEN 1 Radar type is outside of bounds

(1,NRTMAX)

2 Contents of Columns 66-70 = ( )
for radar type exceeds 111

3 Contents of Columns 71-75 = ( )
for radar type exceeds 11111

5 GCGEN 1 Guidance channel constraint group

type is outside of bounds

(1 ,NGCTMX)

2 Transition percentages must be non-

decreasing
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Table E-2 (Continued)

Detecting Routine Local Error
Error Message

Number Name Type Number

6 ECMGEN 1 ECM loading group index is

outside of bounds (1,NECMAX)

7 CSGEN 1 Cross section group index = is
outside of bounds (1,NTTMAX)

8 SHPGEN 1 Ship type is outside of bounds

(1,NSTMAX)

2 Total number of guidance channels

exceeds 63

3 Total number of missile launchers

exceeds 15

4 At least one rad.ar type has not been

defined or is not well defined

(errors were detected)

5 Tracking radar type has not

been defined or is not well defined

(errors were detected)

6 Guidance-channel constraint-group

type has not been defined or is

not well defined (errors were

detected)

7 Missile type has not been de-

fined or is not well defined (errors

were detected)

8 Total number of launchers for all

G.C. groups _ not equal to number

of launchers specified on card

type TS

9 Total number of guidance channels for

all G.C. groups not equal to

number of channels specified on card

type TS

10 Number of launcher types for this
group is outside of bounds (1,3)
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Table E-2 (Continued) I
Detecting Routine Local Error Error Message

Number Name Type Number

8 SHPGEN 11 Number of radars exceeds 7

12 Number of guidance channel groups
exceeds 7

13 Number of component groups may not

exceed 10

14 A local radar assignment may not exceed the
number of scanning radars

9 TGTGEN 1 Target type is outside of
bounds (1,NTTMAX)

2 Vulnerability or cross-section group

outside of bounds (1,NTTMAX)

3 Cross-section group has not

been defined or is not well defined

(errors were detected)

10 DEFGEN 1 Defense unit number outside of

bounds (1,ISMAX)

2 Ship type has not been defined

or is not well defined (errors were

detected)

3 Total number of radars for all defen-

sive units has exceeded limit IRMAX

4 Total number of guidance channel

groups for all defensive units has

exceeded limit IGCGMX

5 Total number of guidance channels

for all defensive units has exceeded

limit IGCMAX

6 Total number of launchers for all

defensive units has exceeded limit

ILMAX

11 SECGEN 1 Ship number' not within task-

force limits

2 Ship number is not in the

task force
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Table E-2 (Continued)

Detecting Routine Local Error
Error Message

Number Name Type Number

12 OPTGEN 1 Ship number is not within task-
force limits

2 Ship number is not in the task
force

13 COMGEN 1 Ship number is not within task-
force limits

2 Ship number is not in the task
force

3 Communications indicator is outside
of bounds (0,1)

4 A value has been specified for MODX
on the type CX card that is outside
of bounds (0,3)

14 WPNGEN 1 Weapon profile number is outside
of bounds (1,JWPMAX)

2 THETAl or THETA2 not in interval
(0,89)

3 Dimension of paths array and value
of LPATH must be increased for stor-
ing flight path data

15 MFPGEN 1 A negative or zero speed has been
detected

2 Dimension of paths array and value of
LPATH must be increased for storing
flight path data

16 ACGEN 1 The nuber of targets generated has
exceeded JTMAX

2 Target type outside of bounds
(1,NTTMAX)

3 Target type has not been defined
or is not well defined (errors were
detected)

4 ECM loading group has not been
defined or is not well defined
(errors were detected)

5 Weapon profile is outside of
bounds (1,JWPMAX)
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Table E-2 (Concluded) I

Detecting Routine
Local Error Error Message

Number Name Type Number

16 ACGEN 6 Weapon profile has not been
defined

7 Ship under attack is outside of
bounds (1,ISMAX)

8 Ship under attack has not been
defined

9 Launch node is outside of bounds
(1, NODES-l)

10 Maximum launch time must be less than
arrival time at last node

11 Dimension of paths array and value of
LPATH must be increased for storing
flight path data

12 A failure probability is outside of the range (0,1)

17 SHPGEN 1 Inconsistency between radars and
component types referring to radars
on ship type

2 Inconsistency between guidance
channels and component types referring
to guidance channels on ship type

3 Inconsistency between launchers and
component types referring to launchers
on ship type

4 No ship geometry for ship type

5 Ship type has not been defined or
is not well defined (errors were
detected)

18 BOLGEN 1 A Boolean function with a previously
defined number has been read and
ignored.
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Appendix F

GUIDANCE-CHANNEL CONSTRAINT-GROUP CONCEPT

Simulation of SAM weapon systems in this model employs the concept

of guidance-channel constraint groups (GCCG). Generation of a GCCG type

is accomplished with the TG, TGP, TGC, and TGA input cards to the PGP

as described in Appendix A. The weapons configuration of a particular

ship type is then defined in terms of the applicable GCCG types with one

or more TSG input cards. Finally, as individual defense units are de-

fined through the use of DF input cards to the PGP, guidance channel

constraint groups are produced, each having a contiguous set of associated

guidance-channel numbers.

The guidance channels associated with a particular missile launcher

(or group of launchers, as appropriate) are termed a guidance-channel

group. For each such guidance channel group there exists a set of con-

straint information which has the effect of limiting the number of

simultaneous engagements that it may conduct. Several parameters are

used to define the constraint expressions for a guidance-channel group.

These are delineated here with examples in terms of familiar system

concepts.

First is the number of inflight guidance (data rate) transitions,

NTRANS, made by the missile. For a semiactive, homing-all-the-way

system, NTRANS would be 0; for a command-midcourse, active terminal

seeker missile it would be 1. Up to seven inflight data-rate transitions

are allowed with the present model dimensioning. It is felt that this is

sufficient to accommodate any foreseeable guidance logic schemes as well

as all of the presently implemented ones.
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In order to reduce the simulation algorithms to manageable proportions, 3
it has been postulated that the transition events can be stated in terms

of percentages of the total missile time-of-flight. That is, midcourse 3
to terminal homing transition may be specified as taking place at a point

when 90% of the predicted flight time has elapsed. Conversely, fixed or 3
constant time values may not be used for the specification of the transition

points (e.g., 10 seconds prior to predicted intercept). 3
The "state" of a missile assignment is defined to be equal to the

number of the next transition through which the missile will pass. Thus, |

prior to launch and until the first transition (if there is one) a missile

is in state 1; from intercept time (and perhaps earlier) to release time 3
the missile is in state NTRANS+l. A column vector, P, of dimension

NTRANS+l specifies the points in time at which transitions are made from 3
one state to the next, expressed in percent of total flight time. The

components of this vector must be nondecreasing; that is pi 1 pi where 3
1~~~~~~~~~~~~

P 
P.

PNTRANS+1

By application of the vector P to all missile assignments currently being

serviced by the guidance channel group under consideration, a time-ordered U
transition list may be constructed. From this list a time-varying column

vector S(t) may be obtained where the components s.(t) represent the total

number of missile assignments in state i at time t. At the earliest

assignment time of a currently held engagement s (t) = 1, and all other

components of S(t) would be 0. Similarly, at the latest release time of
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a currently held engagement s tNTRANS (t) = 1, and all other components

of S(t) would be 0. In between these two times the numerical values of

the si(t) components may be of any magnitude consistent with the constraint

expressions explained below.

Briefly the guidance-channeliconstraint expression may be stated in

matrix form as:

A S(t) < NC for any value of t

where

A = an NROW by NTRANS+1l array of coefficients

S(t) = the NTRANS+l by 1 column vector of assignments

in each state at time t

N = the (scalar) number of currently active (i.e.,

not disabled) guidance channels in the

guidance channel group

C = an NROW by 1 column vector of constraint values

NROW = the number of constraint equations associated

with the guidance channel constraint group

(i.e., the row dimension of A and C).

In evaluating the constraint expression above, it is assumed that

all currently held assignments have satisfied the constraint equation

prior to the current time, and future assignment decisions are made on

the basis of the continued availability of those guidance channels

currently active.

A new missile assignment will be made only if the constraint expression

above would remain satisfied during the entire history of the proposed

assignment (i.e., from assign time to release time). As battle damage

is inflicted on guidance channels the constraint expressions become more

restrictive and may force premature termination of one or more currently

held assignments.
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By way of example, consider the dual-simplex guidance system 3
wherein a single missile launcher has two fully dedicated tracking

(guidance/illuminator) radars providing semiactive, homing-all-the-way

guidance to at most two concurrent independent missile engagements. The

corresponding guidance-channel constraint group parameters would be:

NTRANS = 0

NROW = 1 1
N 2

P = 100

A = 1 1
C = 1

Since there are no inflight transitions associated with this type of 3
guidance system, the matrix multiplication reduces to the scalar inequality:

s1(t) < 2 2

where s (t) is the number of assignments serviced by the two available 3
guidance channels at any time t. If battle attrition should disable one

of the tracking radars, then the right-hand term in the inequality above 3
would become 1.

As a second example, consider a hypothetical missile system having

a midcourse and a terminal-homing guidance phase with the transition 3
occurring when one-fifth of the expected flight time remains. Let M

denote the number of assignments in midcourse phase and T denote the 3
number in terminal phase. Further, stipulate that the N guidance

channels are to obey the inequalities: 3
M + T • 2N

2M + llT < 5N
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The constraint parameters for this system would be:

NTRANS = 1

NROW = 2

N = 20

=( 83 \
\100/

A = (1 j1)
(2 11

C = (2 )
T5n

The resulting constraint equation would be:

I, ~ \ 2(t)\< 20
<~ 2 0 \5 

where the values of s (t) and s (t) correspond

in midcourse or terminal guidance respectively

to the number of assignments

at any time t.

It may be observed that the value of NROW need never exceed NTRANS+l

since this would correspond to a redundant inequality expression.
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Appendix G

GAME COMPONENT PARAMETERIZATION

Damage-assessment, reliability, repair, and system dependencies
within the model are based on the representation of each ship in the
task force by a collection of elementary costing units, called elements
or components. Examples of elements include a propeller shaft, a fire-
control computer, a launcher rail, a radar antenna, a radar system, and
an entire ship. In these examples the components are not necessarily
mutually exclusive. In fact many shipboard systems are represented
conveniently by elements that are not mutually exclusive.

As the play of a game progresses, an element might become inoperable
for at least one of three reasons: the element might have been damaged
by the detonation of an enemy missile that has penetrated the fleet's
defenses, the element might have failed randomly, or another element on
which the operation of this element depends might have become inoperable.
If an element becomes inoperable, any other elements whose operation
depends on that element will remain inoperable at least as long as it
does. Thus during the play of a game elements become operable and
inoperable as elements fail or are damaged and repairs occur. Concur-
rently the cost to the fleet of these events is computed, and the
defensive capability of the fleet is reflected through the operability
states of sets of elements representing ships in the fleet.

In terms of the model an element is an abstraction described by a
number of parameters detailing its location, reliability, and vulnerability
as well as its functional dependency upon other elements. For example,
associated with each component is a replacement cost, a position expressed
in local ship coordinates, and an on/off state. The replacement cost
depends on the component type*; the position of the component depends on
the ship type to which the component has been assigned**, and the on/off
state depends on the particular ship on which the component is located.
This example illustrates three levels at which parameters describing
components are stored (component type, ship type, and ship).

Associated with each component in the game are ten different but
redundant pointers. In effect, six of these pointers as listed in Table
GI are assigned to each component by the user, but the remaining four as
listed in Table GI are assigned by the PGP. The component number, which
is assigned by the PGP, is the only label which is unique to each
component in the game. Therefore, given a component number, all the
other corresponding pointers can be derived by employing various rela-
tions. These relations will be detailed in the following illustration.
All cited arrays and packed list are in common block CONPON.

*See Appendix A, Card Types TP, TPO
**See Appendix A, Card Type TSC
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I
Table Gl-Component Identifiers Assigned by User

Identifier

Component-type number

Ship-type number

Ship number

Component identification
number

System code number

System type number

Component Number

Ship Type Index

Ship Index

Ship Type Component Number

Description

Refers to the unit in packed list ICTPAR
in which component-type parameters are
stored

Refers to the ship type on which the
component is located

Refers to the ship on which the component
is located

Identifies the Boolean function that
describes the dependency of this component
on the other components

Indicates whether this component is a
radar, guidance-channel, launcher, other
component type

Yields type of radar, guidance channel, or
launcher in case the component is a radar,
guidance channel, or launcher as indicated
by System Code

A unique label for each component in a
game. It refers to units in packed lists
ICOMPO, NCCCDT, NONOFF, NTRHO, and
NUDOOF.

This index is in a one-to-one correspond-
ence with the user-assigned ship-type
number. It refers to entries in arrays
NCOMP and NNSPGO

This index is in a one-to-one correspond-
ence with the user-assigned Ship Number.
It refers to entries in array NCOMPS.

A unique label for each component within
a ship type. It refers to units in packed
lists NBOVAR and NSTCOM

Denote a component number by NSCI, and let the corresponding ship
type component number, ship index, and ship type index be NSTCI, NSN,
and NSTN respectively. Components for ship index I are indexed from
NCOMPS(I) through (NCOMPS(I+l)-l), and if J is the corresponding ship
type index, then

J = NSNST(I).

So NSN, the ship index corresponding to NSCI, is that value for which

NCOMPS(NSN)<NSCI<NCOMPS(NSN+l),

G-2
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and NSTN, the ship type index corresponding to NSCI, is

NSTN = NSNST(NSN).

Ship NSN has exactly the same number of components as ship type NSTN
has ship-type components, and the ship components and ship-type compo-
nents are in the same order. Since the ship-type components on ship-
type NSTN are indexed from NCOMP(NSTN) through NCOMP(NSTN+l)-1, it
follows that

NSTCI = NCOMP(NSTN) + NSCI - NCOMPS(NSN).

Given NSCI, the corresponding values of NSN, NSTN, and NSTCI are com-
puted in subroutine BOOK.

Finally the user-assigned ship number and
given by NUN(NSN) and NSTPN(NSTN) respectively,
number, identification number, system code, and
in unit NSTCI of packed list NSTCOM.

ship-type number are
and the component-type
system type are found
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Appendix H

- SAMPLE PGP INPUT DECKS AND SUMMARY LISTINGS

To illustrate the use of the Pregame Processor, two sample input
card decks have been prepared one for the parent model and one for the
TDHS version. The resulting printer listings are reproduced here. NoI particular importance should be given to the exact numerical values used

in these sample decks, since many values are ficticious so as to keep the
material unclassified. Similarly, the ships and associated ship-type

configurations as defined in the TYPGEN and DEFGEN inputs, respectively,
as well as the raid structure and attack tactics described in the RAIDGN
inputs have no particular strategic significance.

I decks, Each of the 48 card types has been used at least once in the sample
decks, and most (but not all) of the data input options have been exer-
cised. The interdependence of the data sets can be observed both by theI ordering of cards within the card decks and by the numerical crosslink-

ing (or indexing references) within the data specifications.

Floating-point variables are typically shown in the listings with
three figures to the right of the decimal point. This of course does

not restrict the range of values such parameters may assume, since any
numerical value capable of being represented* in ten card columns is

I acceptable.

I

I

*All floating point values are read from cards with an F10.3 format;
however a decimal point on a data card will override the format.
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Parent Model Sample Pregame Processor Input Deck

C OSAMPLE TEST CASE 0 0 1 1 1 0 6 0 0 0

TG 1 OUAL SIPPLEX 2 2 0 1 0 0 0 0 0 0

TGP 2 100 0 0 0 0 0 0 0 0 0 0 0 0 0

TGC 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0

TGA 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0

TM 1 OCK TALCS 1 5 3 2 3 2 3 *100 0 0
TMP 2 5.000 338.400 200*000 6*000 300.000 i5.000 335.000
TMP 3 100.000 10000 100.000 -0^000 -0.000 -0.000 0.000
TMT 4 0.002 150.000 200.000 2.710 400o000 2.*80 "0.000
TML 5 62 47 12 70 4 3 47 25 10 0 0 0 0 0

TL 1I ARK 12 7 1 45 2 2 35 2 0 0 0

TR 1 POCK AN/SPG-49 7 4 20 10 0 1000 0 0 0 0

TRI 2 15 30 18 Is 32 3 2 3 5 10 1 1 10111010

TRF 3 12.000 90.000 2.700 a.500 2.225 20.000 0.100
TRf 4 o.789 -0.000 -0.000 -6.000 -0*000 -0.000 "0.000
TR 1 POCK AN/SPS-29 1 1 0 0 12 1536 0 0 0 0

TRI 2 9 40 18 16 25 4 3 5 10 10 1 1 1 1

TRF 3 -90.000 75.000 2.500 6*000 0.300 25.000 0,100
TRF 4 0*123 -0.000 -0.000 -0.000 -0.000 -0.000 '0O000
TP o LAUNCHEA 4 1000 200 20 10 30 3 30 3 3000
TPC 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0

TP 0 SCAN RADAR 5 100 1000 70 500 40 4 40 4 4000
TPC O 4 0 0 0 0 0 0 0 0 0 0 0 0 0

TP o GUIDANCE CHANNEL 3 200 1000 50 20 20 2 20 2 2000

TPCO 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0

TP o POWER SUPPLY 2 1000 100 10 10 10 1 10 1 1000
TPC O 15 0 0 0 0 0 0 0 0 0 0 0 0 0

TP O-SHIP 1 010000 0 0 0 0 0 0 0

TPC O 0 0 0 0 0 0 0 0 0 0 . 0 0 0
TS 1 TEST SHIP TYPE 2 1 1 2 1 0 0 0 0 0

TSP 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0

TSG 3 7 2 1 7 1 0 0 0 0 0 0 0 0 0

TSC 0 14 4 1O 10 20 1 . 0 3 7 0 0 0 0 0

TSC O 15 5 O 0 50 1 0 1 1 0 0 0 0 0
TSC 0 3 3 20 20 25 1 0 2 2 0 0 0 0 0

TSC O 13 3 20 w20 25 1 0 2 2 0 0 0 0 0

TSC 0 12 2 0 0 -10 0 0 0 0 0 0 0 0 0

TSC 0 11 1 0 0 0 1 500 0 0 0 0 0 0 0
TSF 0 25 25 150 100 35 as 30 30 0 0 O0 0 0
TSS O -75 0 30 75 25 20 0 0 0 0 n 0 0 0

TSXO 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0

TC 1 2 1 5 1 1 .0 0 0 0

TCC 2 2.000 19800 2.300 2-100 1.500 -0.000 -0.000
TT 1 OCK BEAR 5 3 2 0 0 0 0 0 0 0
TT 1I ISSILE 9 2 2 1S 15 0 20n 10 25 15

TX 0 0 0 0 0 0 0 0 0 0 0

OF 0 3 ANC 12 0 0 0 0 0 0 0 0 0 0 0
OF 0 13 AND 12 0 0 0 0 0 0 0 0 0 0 0
SF 0 14 ANO 12 0 0 0 0 0 0 0 0 0 0 0

SF 0 15 ANC 12 0 0 0 0 .0 0 0 0 0 0 0

RF 0 11 OR 3 13 14 15 0 0 0 0 n 0 0 0

BX 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OF 0 TEST SHIP ONE 1 2 1 35 2.000 1.600 0o000
OF o TEST SHIP TWO 2 2 1 35 2.500 1500 0.000
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0 0D 00 00 0
p00 00 0 
5000.0000

-0.000
2500 0
2500 2000 

3 0
0.0000

600.000
3 0
1 1
1 1
1 1
4 0
2 1
2 1
2 1
2 1
0 0

0
0

25 

-O

o a 0 0
o 0 0 00a0 0 00 00 0
O06!000000 O
0.900 -40.000

"0.0060 -0.BOOS
o 0 0 0

D0 0 30 30
0 0 0 0

500.000 30.000
"0.060 -90000
0 0 0 0
1 10 10 0
2 20 20 1
1 Io 30 0
0 0 0 0
1 10 0 1
1 50 10 
2 10 0 1
2 50 10 I
o o 0 0

2.000
0 0

GO O 
O O O O
-0.000- 000
-0.000
So0. 000
0.000

800.000
-0 .000

0 .000
-0 .000
10.000
-0 .000
2.000
0.000
0.000
0.000
0 *000

"0 * 000

1. 000 -0.000
0 0 0 0

000 00 000
000 00 000
-0.000 -0.000
-0.000 -0.000
-0.000 "0.0000
-0.0000 q0.000

-1000.0000 50.090
0.000 0.000

-0.000 "0.000
0.900 0.000

-0.000 "0.000
5.000 0.000

-0.000 "0.0000
30.000 20.0000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

-0.000 "0.000

H-3

ox 0
sx 0
ox 0
cx 0
EN 0
EX 0
RW 0
RW 0
RM 0
RMF 1
RMF 2
RA 0
RAP 0
RAP 0
RAP 0
RA 0
RAP 0
RAP 0
RAP 0
RAP 0
RX 0

0 0
-0 0 0 a
-0 0 0 C
20. 000
-0. 000
1 1
2 3
0 0
10.000
3.000

5 0
9 0
9 0
9 0
5 0
9 0
9 0
9 0
9 0
0 0
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I
TDHS Sample Pregame Processor Input Deck

SAMPLE SCEN
AIR SEARCH

9 40

-90. 000
.123

RADAR ONLY
1 0
1 0
0 0

NEUTERED DE
NEUTERED FF
NEUTERED CA
CHAFF
SOJ
RECON SOJ
AIRCRAFT

10.000
MISSILE (AS

1.0000
MISSILE (SS

29500
SUBMARINE

0.000

ASM
SUBMARINE

SSM

DLG-U
DOG-V
DDG-W
DDG-X
DDG-Y
DLG-Z
CVA

0 0
-0 0 0 0
00 00
1 4 1
2 4 1
0 1

-360.ooo
30.000
6 1
6 2
1 0

? 0
2 0
1 0
2 0
2 0

NARIO 0 0
RADAR 1 1
18 16 25 4
75.000 2.500
0.000 0.000

FRIGATE 1 1
0 0 0 0

11 0 11 0
45 13 1 0

ESTROYER 2 0
RIGATE 3 0
ARRIER 4 0

1 1
2 0
3 0
1 1

109000 10.000
SM) 2 1

1.000 1.000
SM) 4 1

2,500 2.500
3 1

0.000 0.000
1 1
2 2
3 3
4 4
5 5
6 6
0 0O
1 1
2 2
3 2
4 2
5 2
6 3
7 4
O 0

0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 o0 0 0 0
1200 1200
1000 1400

3 0
720.000
733.333

a 0
0 0
2 0
1 7
1 7
2 0
1 7
1 7

1200 1200
1400 1400

0 0
325.000
-0 * O O 0
0 0
0 0
0 0
2 0
2 60
0 0
2 lo
2 70

0 0

0 0
3 5
6.000
0.000

0 0
0 0

11 2
0 0
0 0
0 0
0 0

5 10

1 0 50 0s 1
10. 000
5 1
1.000o

5 1
2.500

5 1
0.000

1 0
2 40
3 0
4 30
1 0
1 0
0 0
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
000 0 
000 0 

60 9
2 4
0 0
30.000
-0 .0 00 
0 0
0 0
0 0
2 7
2 7
0 n
2 7
2 7

1 1 0 0
12 1536 0 0
10 10 1 1

.300 25.000
0.000 0.000

0 4 0 0
0 0 0 0

11 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

10 20 10 0
100 100 80 0

2 0 0 0
10.000 -0.000
1 0 0 0
1.000 -0.000

1 0 0 0
2.500 -0.000

2 0 0 0
0.000 -0.000

0 0 0 0
100 0 1500 10

0 0 0 0
80 0 2500 10
0 0 0 0
0 0 0 0
0 0 0 0
24.000 0.000
24.000 60.000
24.000 120.000
24.000 180.000
24.000 240.000
24.000 300.000
0.000 0.000
0.000 0.000

0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

30.100 2.000
1.00 0.100

984.000 325.000
733.333 600.000
-0.000 -0.000
0.000 -132.000
0.000 -7.333
.250 0.000

-0.000 -0.000
-0.000 -0.000
-.250 7.333

-0.000 -0.000
-0.000 -0.000

I
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0
1
2
3
4

i
2
0
3
1

p
9
2
2
2
Q
n

1
1

I
I
1
I
1
0)
0
0
9

I
I
I
I
I
I
I
I

C
TR
TRI
TRF
TRF
TS
TSR
TST
TSV
TS
TS
TS
TE
TE
TE
TC
TCD
TC
TCD
TC
TCD
TC
TCD
TT
TT
TT
TT
TT
TT
TX
OF
DF
OF
OF
DF
OF
OF
DX
SX
OX
CX

RW ;
RM C

RMF j
RMFRA .
RA I
RA C
RAP t
RAP C
RA f

RAP C
RAP 0

0 0

0 0
1 1
.100

0.000
0 0
0 0
O 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
-0 0 00
0 0
-0 .0 00
0 0
-0.000
0 0
-0 .0 0 0
O 0
O 0
0 0
0 0
0 0
0 0
0 0

.070
*060
060
.060
.060
*070
*120

-0 . 000
0 0

0 0 0
0 00

180. 0 0 0
48.oo0
30. 000
325.000

0 .0 0 0
2.o000
0.000
0.000

-0.000
-0. 000
0 . 0 0 0

-0 . 0o0
-000o0

2
2

I
I
I
I
I
I

f



RA 0 1 0
RAP 2 o
RAP5 2 0
RA 5 1 0
RAP O 2 0
RAP5 2 0
RA 0 1 0
RAP 2 0
RAP O 2 0
RA Q 1 0
RAP O 2 0
RAP S 2 0
RM 0 0 1
RMF o -360.000
RMF 0 30.000
RA o 6 2
RA o 1 0
RAP 2 0
RAPO 2 0
RA 6 1 0
RAP 2 0
RAPQ 2 0
RA 0 1 0
RAP 2 0
RAPS 2 0
RA o 1 0
RAP 0 2 0
RAP O 2 0
RA 1 0
RAPS 2 0
RAPS 2 0
RA 1 0
RAP S 2 0
RAP 5 2 0
RM o 0 1
RMF 5 400*000
RMF I -.100
RA 5 3 0
RAP c 4 0
RAP O 4 0
RAP 4 0
RAP 4 0
RAPe) 4 0
RAP 4 0
RM 0 0 1
RMF o -660.000
RA 5 5 3
RX 6 0 0

2 0
1 7
1 1
2 0
1 6
1 7
2 0
1 7
1 7
2 0
1 7
1 7
3 0
720.000
733.333
0 0
2 0
1 1
1 1
2 0
1 2
1 1
2 0
1 6
1 6
2 0
1 5
1 6
2 0
1 6
1 6
2 0
1 2
1 1
3 0
150.000

5.000
6 0
2 7
2 7
2 7
2 7
2 7
2 7
2 0
900.000
0 0
0 0

0 0
2 20
2 80
O 0
2 30
2 90

0 0
2 40
2 100
0 0
2 50
2 110
0 0
325.000
-0 000
0 0
0 0
2 0
2 60
0 0
2 10
2 70
0 0
2 20
2 80
0 0
2 30
2 90

0 0
2 40
2 100
0 0
2 50
2 110
0 0
55.000
-0 000
0 0
2 0
2 1O
2 20
2 30
2 40
2 5o
0 0
10. 000
u 0
U 0

0 0
2 7
2 7
0 o
2 7
2 7
0 0
2 7
2 7
0 0
2 7
2 7
0 0
30.000
-0*000
0 0
0 0
2 1
2 1
0 0
2 1
2 1
0 0
2 6
2 6
0 0
2 6
2 6
0 0
2 6
2 6
0 0
2 2
2 2
0 0
-.100
-0.000
0 0
2 7
2 7
2 7
2 7
2 7
2 7
0 0
25.000
0 0
0 0

.750
-0.0 0
-0.0000
-.750

-0.000
-0.000
1.250
1.000

-0.000
-1.250
-0.000
-0.000

1152. 667
733. 333
-0.000
0.000
.250

1.000
-0.0000
-.250

-0O 0 0 O
-0 .000

.750
-0.000
-0.000
-.750

-0.000
-0.000
1.250

-0.000
-0.000
-1.250
-0.000
-0.0000
149.100

5.000
-0.000
0.000
1.000

-0.000
-0.000
-0.000
-0.000
-0.O000

1200.000
833.333

0.000
-0.000

14.667 0.000
1.000 -0.000

-0.000 -0.000
22.000 0.000
-0.000 -0.000
-0.000 -0.000
29,333 0.000
-0.000 -0.000
-0.000 -0.000
36.667 0.000
-0.000 -0.000
-0.000 -0.000

325.000 30.ooo
600.000 325.000
-0.000 0.000
-7.333 0.000
0.000 0.000

-0.000 -0.o00
-0.000 -0.000

7.333 0.000
-0.000 -0.000
-0.000 -0.000
14.667 0.000
-0.000 -0.000
-0.000 -0.000
22.000 0.000
-0.000 -0.000
1.000 -0.000

29.333 0.000
-0.000 -0.000
1.000 -0.000

36.667 0.000
-0.000 -0.000
-0.000 -0.000
55.000 -.100

150.600 55.00o
-0.000 -0.000
0.000 0.000

-0.000 -0.000
-0.000 -0.000
-0.000 -0.000
1.000 -0.000

-0.000 -0.000
-0.000 -0.000
lo.ooo 25,000
-0.000 -. 000o
0.000 0.000

-0.000 -0.000
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Appendix I

MAIN SIMULATION PROCESSOR INPUT CARD FORMATS

Nine input card types are defined for the MSP, five of which are
unique to the TDHS version of the model. The first input cards (one
each of the first two types) are always required and up to 18 additional
cards (of the next two types) may be required, depending on option selec-
tions specified on the first input card. In the TDHS version, these are followed
by at least one each of the remaining five input card types.

The structure of an MSP input deck is as follows:

(exactly one) Card Type GC,

(exactly one) Card Type GP,

(either no or one) Card Type GE,

(either no or 17) Card Type GR,

(at least one) Card Type GTP,

(at least one) Card Type GSF,

(at least one) Card Type GBT,

(at least one) Card Type GRE,

(at least one) Card Type GST.

The requirement for Card Type GE is dictated by the event-listing-
subset option specified in columns 55-56 of Card Type GC. Similarly the
random-number-initialization option specified in columns 61-62 of Card
Type GC determines the requirement for the input cards of Type GR.

Each of the nine card types is described on the following pages.

1-1



Description of Card Type GC 5
The first input card to the MSP specifies the selection of several 3

input, output, and replication control options together with a 20-character

run identifier. 3
Card Columns Format Description

1-2 A2 The label "GC" indicating that this is

the game control card.

6-25 2A10 An alphanumeric description of the run or

replication series (e.g., date, identification

number, or purpose). I
26-30 I5 The total number of replications of this

game situation to be made (including those |

that may have been previously made).

31-35 I5 The number of replications of this game 3
situation previously made. If greater than

or equal to the contents of columns 26-30

above, no additional replications will be I
made and the game will be terminated

immediately. 3
36-40 I5 Magnetic tape file number of replication

data to be used for this run. If this field

is left blank or set to 0, the first I
replication file will be used. Note that

the initial file on tape is the type data

file which is skipped over.

41-45 I5 Not presently used. 3
46-50 I5 Not presently used.

51-52 12 Option selection for detailed prereplication

listing of type data, defense information,

and offense information. Note that the run 3
identifier, option selections, game parameters,

and initial random number array will always

be printed. 3
I-2
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Description of Card Type GC (Continued)

Card Columns Format Description

t
53-54 I2 Option selection for the printing of a

detailed replication summary. Note that

some information will always be printed at

the end of each replication (e.g., random

number array).

55-56 I2 Option selection for the subset of event

types of interest for detailed printout as

specified in columns 57-58 and 59-60.

O or blank No event occurrences, insertions,

or deletions are to be listed

(and Card Type GE is not required)

1 All event types are of interest

(and Card Type GE is not required)

2 Some event types are of interest

as specified on Card Type GE

(which must then be the third

card in the MSP input deck).

57-58 I2 Option selection for listing occurrences

of events of interest (as specified above)

during a monitoring time interval specified

on Card Type GP.

t
59-60 I2 Option selection for listing insertions to

and deletions from the event calendar over

the monitor time interval.

61-62 I2 Option selection for initialization of the

random number generator.

O or blank Causes standard initialization

of the random number array by

subroutine RANSET (and no input

cards of Type GR are required)

I-3



I
Description of Card Type GC (Concluded)

Card Columns Format Description

Nonzero Causes values to be read from

cards of Type GR for initial-

ization of the random number

generator array.

Option selection for punched card output of

the random number generator array values at

the completion of the final replication.

Note that these values are always printed

at the end of every replication.

0 or blank Punched card output is not

desired

Nonzero Cards of Type GR, suitable

for input to some later run,

will be punched,

The number of random numbers to be generated
and discarded prior to initiation of game play.

Option selectiont for printing special debugging
outputs.

I*
The format

in each of

I
I
I
I

shown is for a machine capable of storing 10 BCD characters

two computer words (see N20BCD in common block IO).

Option selections are as follows:

0 or blank

1

2 or more

Not desired on any replication

Desired on the first replication only

Desired on all replications.

I -4
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I
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65-70

I
I

16

71-72 12

I
I
I
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Description of Card Type GP

The second input card to the MSP is used to specify several delay

time values, a maximum simulation time, and an event monitoring time interval.

Card Columns Format Description

1-2 A2 The label "GP" indicating that this is the

game parameter card.

6-15 F10.3 Starting time of the time interval over

which monitoring (i.e., printer listing)

of event occurrences, deletions, and

insertions will apply. If 0 or left blank,

the game start time will be used. Note

that if columns 55-56 of Card Type GC
contain 0 or if columns 57-58 and 59-60

both contain 0, then the monitor time

interval defined here has no effect.

16-25 F10.3 Ending time of the monitoring time interval.

If 0 or left blank, the maximum simulation

time value (below) will be used.

26-35 F10.3 Maximum simulation time, in seconds. When-

ever the next event game time exceeds this

value, the simulation process will be halted

(i.e., this is one of the conditions that

may determine the end of a replication).

36-45 F10.3 Initial reaction time, in seconds. This

delay from first detection to earliest

possible weapon assignment is applied once

to each ship group having firepower

capability. The first TEWA (threat eval-

uation and weapon assignment) event for

each ship group is scheduled at a time

determined by this delay added to the time

of first detection with respect to the detect-

ing defense unit. This value must be non-

negative or an error message will result.
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Description of Card Type GP (Concluded)

Card Columns Format Description 3
46-55 FIO.3 The TEWA interval, in seconds. The TEWA

event for each defense unit is a recurrent

or periodic type of event which, after its

first occurrence (see above), reschedules

itself according to the value of the time I
interval specified here. This value must

be greater than zero or an error message

will result.

56-65 F10.3 The intership communications delay, in

seconds. This is the expected value of

the time required for a defense unit making

a radar detection to pass the detection

information to all other defense units

with which it is able to communicate. This

value must be non-negative or an error

message will result.

I-6



Description of Card Type GE

This card is included in the MSP input deck only if some, but not

all, of the event types are of interest for the purpose of detailed

printer listing during the event monitoring time interval (this corresponds

to columns 55-56 of Card Type GC containing the value 2).

Card Columns Format Description

1-2 A2 The label "GE" indicating that this is the
card defining the event types of interest
for detailed printer listing.

5 Ii The indicator for event type 1, where 0 or

blank means that this event type is not of

interest and a nonzero entry means that the

event type is of interest.

i + 4 Il The indicator for event type i, interpreted

as above. The dictionary of event types by

number and mnemonic is contained in Appendix J.
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Description of Card Type GR

Cards of this type are included in the MSP input deck only if a

particular initialization of the random number generator is desired

(this corresponds to columns 61-62 of Card Type GC containing a nonzero 3
value). A total of 17 cards are required when the use of this card type

is specified. 3

First Card: 3
Card Columns Format Description

1-2 A2 The label GR" indicating that this is a I
random number generator initialization card.

3-4 I2 The value "l" indicating that this is the I
first of a sequence of GR cards.

5-20 I16 Integer starting value for the sequence X

(where X = A1 * Xi + C1 modulo M) used

to calculate the initial random number
table entries and subsequent replacement

values.

25-40 I16 Integer starting value for the sequence Y

(where =+1 A2 * Yi + C2 modulo M) used 3
by function RAND to obtain an index to the
random number table.

Cards 2 through 17:

1-2 A2 The label "GR". I
3-4 I2 The value i (i = 2, 17) indicating the card

sequence number.

5-20 I16 The (4i-7)th entry in a 64 word auxiliary

random number table.

25-40 I16 The (4i-6)th entry. |
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Description of Card Type GR (Concluded)

Card Columns

45-60

65-80

Format

I16

I16

Description

The (4i-5)th entry.

The (4i-4)th entry.
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Description of Card Type GTP

One card of this type is necessary for describing the tracking parameters.

Card Columns Format Description

1-3 A3 The label "GTP" indicating that this is a tracking
parameter card. a

6-10 I5 Option selection for the form of the reachable set
where 0, blank, or 1 means a circle and 2 means an I
ellipse.

11-15 I5 The numerator of the eccentricity of the ellipse (leave
blank or 0 if the reachable set is a circle). This value
must be nonnegative and less than the denominator
which is entered in columns 16-20 of this card.

16-20 I5 The denominator of the eccentricity of the ellipse
(leave blank or 0 if the reachable set is a circle). This
value must be greater than the numerator specified in I
columns 11-15.

21-25 I5 Whenever a track is established, this entry is used as
the threshold for determining whether or not an addi-
tional tracking operator should be activated. It must
be greater than or equal to 1 and at least as large as
the deactivation threshold which is entered in columns a
26-30 of this card. If the field is blank or 0, a default
value of 5 will be assigned.

26-30 I5 Whenever a track is dropped, this entry is used as the
threshold for determining whether or not a tracking
operator should be deactivated. It must be greater
than or equal to 1 and less than or equal to the activa- a
tion threshold entered in columns 21-25 of this card.
If the field is left blank or 0, a default value of 4 will
be assigned.

31-35 IS The minimum time in seconds between attempts to
update a given track. A default value of 10 seconds is
assigned if the entry is nonpositve

36-40 I5 The number of successful updates of a given track
required to advance the track from tentative to firm I
status. A value greater than 2 should be entered. If
blank or 0, a default value of 5 is assigned.
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Description of Cacrd Type GTP (Concluded)

Card Colurmins Fornnat Description

U - 41-45 15 The percent by which a candidate track speed must
difffer fro a reference track speed to call it a new
trac.7e ra7-.'er tkc a split from, the reference track.U IY.M.;lust be ,RO;vonesgaite.

46-5,0 15 The di . distan7.ce separation in feet for rmulti-U $3Zr+symbol. If left blank. or 0. a default ualue of 1000 is
assiP22. e e

51-55 IS The dea ee of iskue least squares fit of the track historyI ldata. If i.1onk or 0, a 1st degree fit is assumed.

56- n0 15 The nu; r:: od consecutive mnissed repo.-rts necessary toI initate drop track action.

61-65 5 Late detection or late split range in kft. New detection
or track splits occ.rr-ing at less than this range wvill be
considered as late detects or splits. A default value of
240 kft (40 nmi) is assigned if this field is blank or 0.

3 66-70 1i5 Smaller boundaiy inc degrees of the primary zone of
interest, Must be less than the entry in columns 71-75
of this card.

71-75 I6 Larger boundary in degrees of the primary zone of
interest. It also is the smaller boundary of the second-3 ary zone of interest.

76-80 I5 Larger boundary in degrees of the secondary zone of
interest. It murst be greater than columns 71-75 of* this card.
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Description of Card Type GSF

One Card of this type is necessary for describing the scale factors which are used to
increase or decrease the reachable set size. As a rule, the fewer the number of reports in
the track history, the larger the reachable set size. The reachable set may be thought of as
the region examined by the tracking operator in correlating video with the track to which
he is sequenced. This region shrinks as more reports are entered into the track history for
a given track.

Card Columns

1-3

6-15

16-25

0
0

46-55

Format

A3

F10.3

F10.3

Description

The label "GSF" indicating that this is a scale factor
card.

The scale factor to be applied if there is one report in
the track history (e.g., 2.25).

The scale factor to be applied if there are two reports
in the track history (e.g., 2.03).

0

0
0

0

0

0

F10.3 The scale factor to be applied if there are five reports
in the track history (e.g., 1 .2 753).

The maximum allowable reachable set radius or major
axis in kft. If blank or 0, a default value of 60 kft is
assigned.

of the scale factor fields are blank, zero, or negative, a value of 1.25 will be

I
I
I
I
I
I
I

I-12

I

I
I
I
I
I
I
I
I

F10.356-65

If any
assigned.
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Description of Card Type GBT

This card type is available for specifying ball tab errors and/or scope limits for individ-
ual tracking operators and for track supervisors. At least one card must be included in the
input deck even if default values are desired for all operators. (Such a card would contain
GBT in columns 1-3 and a negative value in columns 6-10.)

Card Columns Format Description

1-3 A3 The label "GBT" indicating that this is a ball tab error/
scope limit card.

6-10 I5 The task force identification number (taken from the
Pregame Processor output) corresponding to the track-
ing operator or track supervisor for which the two
entries which follow apply. If the operator is a track
supervisor, enter the ship number to which the track
supervisor is assigned + 1000 (e.g., for the track super-
visor aboard ship 7, enter 1007). If this field is left
blank or is 0, the two entries following this field will be
ignored. A negative entry for an operator number
signifies that all values have been read.

11-15 I5 The ball tab error in thousandths of an inch for the
supervisor. A negative entry indicates that the default
value of 1/32 of an inch is to used. Note that blank or
0 means zero ball tab error.

16-20 I5 The scope limit in kft for the designated operator or
track supervisor. A negative entry means that the scope
limit assigned in the Pregame Processor run will be used.
Blank or 0 means that this operator is deactivated.

21-25 I5 See columns 6-10.

26-30 15 See columns 11-15.

31-35 I5 See columns 16-20.

* * S

* * 0

* 0 0

66-70 IS See columns 6-10.
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Description of Card Type GBT (Concluded)

Card Columns

71-75

76-80

Format

15

15

See columns 11-15.

See columns 16-20.

Use as many cards of this type as are necessary to enter ball tab errors and scope
limits for tracking operators and track supervisors to which values are to be assigned. A
negative entry for an operator indicates that there are no more entries on the card being
read and that no more cards of Type "GBT" follow.

:i:-14

Description

I
.I

I
I
I
I
I
I
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I
I
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Description of Card Type GRE

This card type is available for specifying range and azimuth sigmas corresponding to
radar measurement errors. At least one card must be included in the input deck even if
default values are desired for all radar sets. (Such a card would contain GRE in columns
1-3 and a negative value in columns 6-10).

Card Columns Format Description

1-3 A3 The label "GRE" indicating that this is a radar observa-
tion error card.

6-10 I5 The task force identification number (taken from the
Pregame Processor output) corresponding to the radar
for which the two entries which follow apply. If this
field is left blank or 0, the two entries following this
field will be ignored. A negative entry for a radar set
number signifies that all values have been read.

11-15 I5 Range sigma as a multiple of range resolution.

16-20 I5 Azimuth sigma in mils.

21-25 I5 See columns 6-10.

26-30 See columns 11-15.

31-35 See columns 16-20.

* * 0

* * 0

* * 0

66-70 See columns 6-10.

71-75 See columns 11-15.

76-80 See columns 16-20.
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Description of Card Type GST 3
Card Columns Format Description

1-3 A3 The label "GST" indicating that this is a service time
card.

6-10 I5 The task force identification number (taken from the |
Pregame Processor output) corresponding to the track-
ing operator or track supervisor for which the two
entries which follow apply. If the operator is a track I
supervisor, enter the ship number to which the track
supervisor is assigned + 1000 (e.g., for the track super-
visor aboard ship 7, enter 1007). If this field is left
blank or 0, the two entries following this field will be
ignored. A negative entry for an operator number
signifies that all values have been read.

11-15 I5 The minimum mean value service time in seconds for
the designated tracking operator or track supervisor. A
negative or 0 entry will result in a default value of 2 I
for the track supervisor and 4 for the tracking operator.

16-20 I5 The maximum mean value service time in seconds for
the designated tracking operator or track supervisor. A
negative or 0 entry will result in a default value of 6 for
the track supervisor and 10 for the tracking operator.

21-25 I5 See columns 6-10.

26-30 15 See columns 11-15. 3
31-35 I5 See columns 16-20.

* 0 0

* * 0*3

66-70 IS See columns 6-10.

71-75 I5 See columns 11-15. |

76-80 I5 See columns 16-20.

Use as many cards of this type as are necessary to enter minimum and maximum mean- 3
value service times for tracking operators and track supervisors to which values are to be
assigned. A negative entry for an operator indicates that there are no more entries in the
card being read and that no more cards of Type "GST" follow. I

I-16
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Appendix J

DICTIONARY OF GAME EVENT TYPES

There are presently 45 event types defined for the simulation

model, including 14 unique to the TDHS version. Additional event types

may be defined as desired and as the growth and further development of

the model dictate. Provision is presently made for 45 event types.

Addition of a new event type requires: entry of the event type

number (by mnemonic) in common block EVENTS, insertion of the event type

name and relative priority ranking in arrays ENAMES and NPRIOR respec-

tively in common block CALNDR, specification of a new subroutine call

corresponding to the event type within the game control routine, and

inclusion of the new event routine itself in the program deck.

If more than 45 event types should be needed, the lengths of
common blocks CALNDR and EVENTS must be increased, necessitating recom-

pilation of all subroutines using either or both of these common blocks.

Ultimately the number of event types is also limited by the field width

allowed for the event type within the integer parameter array NCAL of the

game calendar. However more than 1000 event types can be accommodated

even on a 32-bit word length machine, so this poses no practical limita-

tion to the number of event types that may be defined.

Event type numbers need not correspond to the order of the corre-

sponding mnemonics within common block EVENTS; in fact the main purpose

of that common block is to facilitate renumbering event types without

requiring recompilation of every subroutine making use of event

identifiers.

Table J1 contains a brief description of each of the 45 currently

defined event types together with the nature of the two integer parameters

associated with each event type.

The interdependence among the event types is illustrated in Tables
J2 and J2A. For each event type the tables show which types of events

may be generated (inserted in the game calendar) and/or canceled (deleted

from the game calendar). Also shown (as event type 0) is the initializa-

tion procedure, which gets the game underway by scheduling the first node

event for each nonimpacting type target.

Pairwise priorities for various event types are as shown in Tables
J3 and J3A. These relative priorities are used to establish the contents

of the NPRIOR array in common block CALNDR as shown in the last column

of Table J3. The priority values are used only when two or more events

are found to occur simultaneously (at exactly equal values of game simu-

lation time). If two simultaneous events are of the same type or are of
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types having equal priority values (in the NPRIOR array), then the event
most recently inserted into the game calendar will be processed first.
In other words the discipline for equal-priority simultaneous events is
last in, first out (LIFO).
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Table J-1

GAME EVENT TYPES

Number Name 1st Parameter 2nd Parameter Description

1 SCAN Radar Set No. Model Option No. Periodic surveillance

rada.r scan event; re-

generates itself after

being triggered by an

ENTER or a LOSE event

2 DETECT Radar Set No. Target No. Detection of a target by

a surveillance radar set;

results from a SCAN event

3 PASS Radar Set No. Target No. Detection passing event;

displaced from correspond-

ing DETECT event by a

communications time delay

4 PSSDET Radar Set No. Target No. Secondary detection event

resulting from a PASS

event

5 LOSE Radar Set No. Target No. Loss of a primary detec-

tion resulting from a

LEAVE or DISRDR event

6 NODE Target No. (Unused) Target passing through a

node on its piecewise

.linear flight path

7 VANISH Target No. (Unused) Nonimpacting type target

arriving at the final node

of its flight path

8 IMPACT Target No. Ship No. Impacting type target

arriving at its final node
(in the vicinity of the

intended defense unit)
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Table J-1 (Continued) I

I
Number Name 1st Parameter 2nd Parameter Description

9 ASSIGN Channel No. Target No. Assignment of a SAM weapon
(identified by a guidance

channel number) to an of-

fense unit; scheduled by
the TEWA event

10 LAUNCH Channel No. Target No. Launch of a SAM weapon;

scheduled by the corre-

sponding ASSIGN event

11 INTCPT Channel No. Target No. Interception of an offense

unit by a SAM. weapon;

scheduled by the corre-

sponding LAUNCH event

12 RELEAS Channel No. (Unused) Release of a SAM weapon

from a previously held

assignment; scheduled by

an INTCPT, ABORT, or DROP

event

13 TRNSFR Channel No. Target No. Transfer of a SAM weapon

assignment to a different

offense unit prior to

missile intercept

14 ABORT Channel. No. Target No. Inflight abortion of a

SAM weapon assignment

15 DIE Launcher No. Target No. Attrition of an offense
.unit caused by a previous

SAM weapon intercept

against it

16 TEWA Ship No. TEWA Group No. Periodic threat evaluation

and weapon assignment event;
regenerates itself after

being triggered by the

first detection made with

respect to the defenseuni

J- 4 II
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Table J-1 (Continued)

~~~1 -~~
I wll~b1rI Nihie Ist Parameter 2nd Parameter Description

1I, DIOP Channel No. Target No. Prelaunch abortion of a
SAM weapon assignment

18I EMERGE Target No. Launch vehicle No. Launch of a parasite

offense unit from its

parent vehicle

I3 1\ICTIM L.aunclher No. Target No. Attrition of a parasite

offense unit caused by a

previous SAM weapon inter-

cept against its parent

vehicle

20 ENTER Radar Set No. Target No. Entering penetration of

the coverage volume of a

surveillance radar set by

a particular offense unit

2.1. LEAVE Radar Set No. Target No. Exiting penetrator of the

coverage volume of a
surveillance radar set by

a particular offense unit

22 DISRDR Radar Set No. Surveillance radar set has
gone from ON to OFF (J=l)
or from OFF to ON (J=O)

23 DISCHN Channel No. SAM weapon guidance channel
.J has gone from ON to OFF

(J=1) or from OFF to on
(J=O)

24 DISLAN Launcher No. SAM weapon missile launcher
j Jhas gone from ON to OFF

(J=1) or from OFF to ON

(J=O)
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Table J-1 (Continued)

Number Name 1st Parameter 2nd Parameter Description

25 COMEIN Ship No. Target No. Target comes within the

assignment range of the

weapons aboard a ship

26 OUTGO Ship No. Target No. Target goes outside the

assignment range of the

weapons aboard a ship

27 FAIL Component No. Zero Component fails

28 DOWN Component No. Component Type No. Component goes down
because of damage or
random failure

29 REPAIR Component No. Component Type No. A repair cycle begins

30 DAMAGE Component No. (Damage ratio)x Component is damaged by a
1000 +1 penetrator

Repair cycle is completed
31 UP Component No. component Type No. and component goes up

J-6
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Table J-1 (Continued)

Number Name 1st Parameter 2nd Parameter Description

32 TRKSUP Radar Set No. Track Supervisor Models the functions performed by
No. the track supervisor; regenerates

itself after having been initiated by
an ENTER event

33 TRACKR Tracking Radar Set No. Models the functions performed by
Operator No. the tracking operator; regenerates

itself after having been initiated by
a WAKEUP event

34 DROPTK Track Supervisor Track No. Drop track action performed by the
No. plus an track supervisor
integer bias*

35 SPLITK Parent Track No. New Track No. A split track may occur whenever
multiple video correlate with a
sequenced track

36 UPDATE Tracking Track No. An updated position report is
Operator No. entered for a track to which a

tracking operator has been
sequenced

37 MISSTK Tracking Track No. A missed position report is entered
Operator No. if no video correlates with a

sequenced track
38 NEWDET Tracking Track No. A new detection (one that is not a

Operator No. or late detect) signifying the establish-
Track Super- ment of a new track by the track
visor No. plus a supervisor or by a tracking operator
bias of 200

39 WAKEUP Tracking Radar Set No. A tracking operator is activated
Operator No.

40 SLEEP Tracking Track Supervisor A tracking operator is placed in
Operator No. No. inactive status

41 PRELF Target No. Launch Vehicle Prelaunch failure of a parasite
No. offense unit onboard its parent

vehicle

42 IFFAIL Target No. Target No. Inflight failure of a launched
cruise missile

43 DUD Target No. Ship No. A cruise missile fails to detonate
upon impact with a ship

44 LATEDT Tracking Track No. A new detection has occurred at
Operator No. close range and triggers the estab-

lishment of a new track by the
track supervisor or by a tracking
operator

*The bias value equals 500 if the track has passed outside of the maximum instrumented range
of the radar or equals 900 otherwise.
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I
Table J-1 (Concluded)

I
Number Name 1st Parameter 2nd Parameter Description

45 LATESP Parent Track No. New Track No. A split track has occurred at close I
range as a result of multiple video
correlating with a sequenced track

I I I I I I I~~~~~~~
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Table J3-Relative Priorities of Event Types*
(For Simultaneous Event Occurrences)

Column A | Column B Column C | Relative Priority

No, j Name INo.1 Name No. Name (NPRIOR Value)
No. Nam No. 

1

2

3

4

5

6

7

8

9
10
11
12

13

14
15
16

17

18

19
20

21

22
23

24

25

26

27

28

29

30

31

SCAN
DETECT
PASS
PSSDET

LOSE
NODE
VANISH
IMPACT

ASSIGN
LAUNCH
INTGPT
RELEAS

TRNSFR
ABORT
DIE
TEWA

DROP
EMERGE
VICTIM
ENTER

LEAVE
DISRDR
DISCHN
DISLAN

COMEIN
OUTGO
FAIL
DOWN

REPAIR
DAMAGE
UP

16
1

1

1

3

1

1

1

16
9

10

11

15

16

1

16
1

1

1

1

2

11

10

26

6

TEWA
SCAN
SCAN
SCAN

PASS
SCAN
SCAN
SCAN

TEWA
ASSIGN
LAUNCH
INTCPT

DIE
TEWA
SCAN

TEWA
SCAN
SCAN
SCAN

SCAN
DETECT
INTCPT
LAUNCH

OUTGO
NODE

5

3

9

15

19

4

LOSE

PASS

ASSIGN

DIE

VICTIM

PSSDET

200
250
210

250

240

500
500
500

400
410
430
450

460
400
300
100

400
500
300
500

500
280

440
420

520
510
550
550

550
550
550

*Within each row, the event type shown in column A has priority over a
simultaneous event of the type shown in column B or C. The relative
priority value for the event type in column A is shown in the last
column. A higher priority event will be processed first within the
simulation model.
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Table J-3A

RELATIVE PRIORITIES OF ADDITIONAL TDHS EVENT TYPES*
(For Simultaneous Event Occurrences)

*Within each row, the event type shown in column A has priority over a simultaneous
event of the type shown in column B or C. The relative priority value for the event
type in column A is shown in the last column. A higher priority event will be
processed first within the simulation model.

J-12

I
I
I

Column A Column B Column C Relative Priority

No. Name No. Name No. Name (NPRIOR Value)

32 TRKSUP 33 TRACKR 260
33 TRACKR 16 TEWA 200
34 DROPTK 33 TRACKR 220
35 SPLITK 36 UPDA TE 250

36 UPDA TE 38 NEWDET 230
37 MISSTK 38 NEWDET 230
38 NEWDET 33 TRACKR 210
39 WAKEUP 33 TRACKR 210

40 SLEEP 34 DROPTK 230
41 PRELF 6 NODE 510
42 IFFAIL 6 NODE 510
43 DUD 8 IMPACT 510

44 LATEDT 33 TRACKR 210
45 LATESP 36 UPDA TE 250

I
I
I
I
I
I
I
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Appendix K

SAMPLE RUN EVENT OCCURRENCE AND REPLICATION SUMMARY LISTING

This appendix presents the two listings of the printer output pro-
duced by the Main Simulation Processor when the Pregame Processor outputs
from the two sample input decks described in Appendix H are combined with
suitable MSP control variables as specified in Appendix I. As in Appendix
H, no particular importance should be given to the exact numerical values
used in these demonstration cases, since many values are fictitious so as
to keep the material unclassified. The first MSP output listing is a
result of the parent model, and the second a result of the TDMS version.

The first portion of each output listing consists of a recapitula-
tion of the control variables specified for this particular run. This is
followed by the defense and offense unit descriptions just as they were
printed in the PGP outputs.

Next comes the optional event occurrence listing, which shows the
actual sequence of events, including insertions and deletions from the
game calendar, that constitutes a play of the game. This is followed
by a statistical tabulation of the number of occurrences of each event
type experienced in the replication, together with the total real time
consumed by each event type, the average time per occurrence, and the
percent of total running time represented by each event type. It should be
emphasized that the current version of the TDHS model simulates only the detection and
tracking process, so that no events related to assignment of defensive weapons appear in
the second output listing. The maximum and average calendar sizes are given
and the terminal values in the random number generator are tabulated.

Finally, there are eight summary tabulations of the outcome of the
replication (the eighth appearing only in the TDHS version), one for each
of the following categories:

1. By guidance channel group,

2. By missile type,

3. By radar set,

4. By defense unit,

5. By nonimpacting target,

6. By parasites which are killed prior to impact,

7. By parasites which are not killed,

8. By track history.

Additional tabulations or other data within existing breakdowns could of
course be added to the printer output listing as the requirements of a
particular analysis dictate.
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March 9, 1979

FROM: Code 5308

TO : Distribution List - NRL Report 7958

SUBJ: Radar Surveillance/Radar Tracking Variant of SPEARS

The AAW performance simulation designated SPEARS (System Perfor-

mance Evaluation and Requirements Simulation) now exists in a version

which contains extensive revisions in the areas of radar surveillance

and radar tracking. To upgrade the capability of the SPEARS simula-

tion of shipboard radar surveillance, a detailed radar-surveillance

model designated SURSEM (Surveillance Radar Systems Evaluation Model)

has been modified and incorporated into SPEARS. In addition, a simple

tracking algorithm has also been added to replace the implicit assump-

tion that a target track is established instantaneously upon initial

detection and then carried automatically until the target either

leaves the radar's coverage volume or terminates its flight. Due to

time and financial constraints, this version of SPEARS has undergone

only limited testing at present.

The attached pages document the radar surveillance/radar track-

ing variant of SPEARS. They are intended to be integrated into the

existing SPEARS handbook, ("SPEARS, An AAW Performance Simulation,"

D.J. Kaplan et al., NRL Report 7958, June 9, 1976). Pages with page

numbers ending in a numeral are meant to replace those with the iden-

tical numbers in the SPEARS handbook. Pages with page numbers ending

in a letter are intended to follow those with the identical numerical

portion in the handbook.



1.6 Radar Surveillance/Radar Tracking Variant

A version of SPEARS is now available which contains extensive re-
visions in the areas of radar surveillance and radar tracking. To up-
grade the capability of the simulation of shipboard radar surveillance,
a detailed radar-surveillance model called SURSEM* (Surveillance Radar
Systems Evaluation Model) has been modified and incorporated into SPEARS.
For each active surveillance radar the SURSEM submodel produces radar
single-scan probability-of-detection values as a function of target
range and orientation. Actual detections are then determined by Monte
Carlo sampling. SURSEM operates within an expanded SPEARS environment
which may include wind, rain, and multipath propagation. A surveillance
radar is characterized by its radar scan modes. A radar scan mode is a
means of defining radar operating characteristics for the illumination
of a specific geometrical region. Typical radar scan modes include ele-
vation beams, long-range search, high-angle low-energy search, burn-
through, and horizon scan. For a given radar scan mode of a surveil-
lance radar scan the signal (target), noise, jamming, and clutter ener-
gies are calculated for each active target. The probability that the
radar scan mode will detect a target is then computed using the user-
designated Marcum-Swerling cross-section model for that target.

A simple tracking algorithm has also been incorporated into SPEARS.
The original version of SPEARS assumes implicitly that a target track
is established instantaneously upon the initial detection of the target.
The track is carried automatically until the target either leaves the
coverage volume of the radar or terminates its flight. In this revised
version, a target track is established only after three detections by
any radars on a single ship within a specified time interval. Target
tracks are cataloged and carried by ship or defense unit rather than by
an individual radar. The time window for track establishment is an ad-
ditional characteristic of ship type. A target track is updated (with-
out error) with a detection by any radar on any ship or defense unit in
communication with the ship carrying the track. A target track is
dropped by a particular ship whenever a 30-second interval has elapsed
during which no updates from any communicating ships were made.

*D.J. Kaplan, A. Grindlay, and L. Davis, "Surveillance Radar Systems
Evaluation Model (SURSEM) Handbook," NRL Report 8037, Jan. 14, 1977.

1-6A



The noise energy for 2D radars is

s= C2 + C3 E (i e G) [JjGH(.j-os)GV(ej)R 2 ]

and for 3D radars is

Ns = C2 + C3 E (j r G) [J.GH(j.+S)GV(ejes) -i

The signal-to-noise energy ratio is:

Ps = E /Ns s

Then the probability of detection P is calculated as a function of
* ~~~~~~~~~~D

PS, the false alarm probability of the radar, and the number of pulses

integrated for a detection decision. This is under the assumption of a

Marcum and Swerling type-3 target.

2.3A Radar Surveillance/Radar Tracking Variant

In the revised version of SPEARS called the radar surveillance/

radar tracking variant, the shipboard-radar-surveillance function is

performed by the incorporated submodel SURSEM (Surveillance Radar Sys-

tems Evaluation Model). Since SURSEM has been documented in detail,*

an abbreviated description of the detection process will be given here.

A surveillance radar is characterized by its radar scan modes, which

define the radar's operating characteristics for the illumination of

specific geometrical regions. For each active scan mode of a surveil-

lance radar, a single-scan probability-of-detection of each active tar-

get is calculated as a function of the target's position and environ-

ment. The process takes into account the target aspect angle, target

fluctuations, multipath propagation, rain and sea clutter, rain atten-

uation, and jamming.

*D.J. Kaplan, A. Grindlay, and L. Davis, "Surveillance Radar Systems
Evaluation Model (SURSEM) Handbook," NRL Report 8037, Jan. 14, 1977.
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The free-space returning signal power at beam maximum from a 3
given target is calculated according to

P G2 x2 a(X) Lr Lt Lm

r (4w) RI

where P is the peak power, G is the one-way antenna gain, x is the
t

radar wavelength, a(+) is the computed target cross section as a func- -
tion of aspect angle, R is the target range, and L r' Lt. and Lm are

the receiver, transmitter, and mode-dependent losses respectively. The |

received signal energy is

S = Pr T[f(e)J2 F4 Ar [min(BIFTc, 1) ],

where T is the pulse length, f(e) is the one-way beam-pattern factor 3
as a function of the angular displacement of the target from beam cen-

ter, F is the calculated multipath-pattern-propagation factor, Ar is 3
the computed two-way rain attenuation factor, and BIF TC is the radar's

IF bandwidth multiplied by its compressed pulse length. 3
The total noise energy includes thermal noise, jamming energy, sea

clutter, and rain backscatter. The thermal noise energy is 3
NT = FnkTO 3

where F is the receiver noise figure, k is Boltzmann's constant, and
n

o is the system temperature. The free-space jamming energy contribu-

ted by each jamming target is

G L L S. f 2
E r rrm j HV
OJ (472)R2

where Gr is the one-way antenna gain, Lr is the receiving antenna loss,

Lm is the mode-dependent loss, S. is the jamming power density, fHV is

2-1lA



the beam pattern factor, x is the radar wavelength, and R is the slant

range from the radar to the target. The jamming energy contributed by

each jamming target is then modified by the appropriate one-way pattern

propagation factor to account for the effects of multipath propagation,

so that

E = E 0 FF2

and the total jamming energy is

NJ

ETJ E EJ.

1

where NJ is the number of jamming targets. To determine the contri-

bution of sea-clutter to the total noise energy, the normalized mean

backscatter a0 from the sea surface is calculated as a function of

radar frequency, wind velocity and the height to which it corresponds,

target angle of incidence, and polarization orientation. The total

sea-clutter energy is considered to be the energy that is reflected

from an annulus'of width AR, defined by

AR = CT sec(w)

where T is the pulse length and w is the grazing angle. Then, the total

sea-clutter energy E, which can be derived by a lengthy calculation, is

reduced by the radar's sea-clutter improvement factor Ic:

E = EI
c c

Rain is modeled by a large number of independent scatterers, each of

cross section ai and located within the radar resolution cell. If

the raindrop diameter is assumed small in comparison to the radar's

2-l1B



wavelength, ai can be expressed in terms of drop diameter or ulti-

mately rainfall rate, so that the total rain cross section in the

resolution cell is

=6.706 X lo 6 T e B R2 r 16 X-4 l
R c BB

where Tc is the compressed length, B and CB are the horizontal and 3
vertical 3-dB beamwidths respectively, R is the target range, r is the

rainfall rate, and A is the radar wavelength. The rain backscatter 5
energy is computed according to

6a P I T

R

where Ic is the radar rain-clutter improvement factor. The total noise

energy is 3

N=(N T+ ETJAor + EcAr + ERAr)max(BIFT, 1),

where Aor and Ar are the one-way and two-way rain attentuation factors

respectively, and the adjustment factor max(BIFT, 1) allows for in-

creased noise due to an unmatched IF bandwidth. The single-scan proba-

bility of detection is then calculated according to the specified 3
Marcum-Swerling target cross-section model as a function of the signal-

energy-to-noise-energy ratio S/N, the number of pulses integrated, and I
the probability of false alarm.

I
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2.4 Characterization of a Defensive Weapon System

The specification of the battle scenario used to initiate the sim-

ulation includes a characterization of each defensive and offensive unit.

The description of a defense unit includes a description of its weapon
systems, each of which is modeled as consisting of a missile, a launcher,

a missile magazine, and an associated missile guidance system. Although

a unique association exists between launcher and missile magazine, a given I
missile guidance system may service a number of inidvidual launchers. To

simplify bookkeeping within the simulation, a weapon component is classi-

fied by function (launcher, missile, or guidance) and by function type.

For example, if seven launcher types are defined for the task force for

a particular game play, the launcher configuration of any defense unit is

specified simply by stating the type (from among the seven) and position

of each launcher carried by the unit.

The following four sections are a description of the properties

which characterize each of the four parts of a weapon system in this model.

(A more complete discussion of these is found in Ref. 2.)

2.4.1 The Surface-To-Air-Missile

A SAM missile type is described by the following missile character-

istics: I
* minimum and maximum intercept ranges,

* performance envelope, I
* time-of-flight data,

* lethality data,

* replacement cost. 3
2.4.1.1 Missile Intercept Range and Performance Envelope

The minimum and maximum missile intercept ranges together with the

missile performance envelope define a solid of revolution about an ori-

gin, usually the position of the launcher, which may be interpreted as X

the set of points in space for which the probability of a SAM fired from

the origin killing its assigned target is roughly the design constant.

Outside this region, if a missile did intercept a target, a target kill

would be unlikely. Therefore the model considers a missile for commit-

ment to an established enemy track only when the projected point of in-

tercept falls within the missile's performance envelope. Figure 2.4.1.1-1 3
illustrates a vertical-half-plane section of an example of a missile per-

formance envelope with minimum and maximum missile intercept ranges.

I
2-12
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surveillance and tracking radar types (e.g., AN/SPS-48, AN/SPS-49), the
surface-to-air missile types and their associated launcher systems, and
the guidance channel constraint group types. The number and physical
location on the hull of each such component, together with individual I
component vulnerability data, define the surveillance and weapons con-
figuration of a particular ship type; the ship type may also be as-
signed a class name of up to 20 characters (e.g., DDG-2 CLASS or 9

GALVESTON CLASS). Sub-routines used by TYPGEN to define surface-to-air
missile types., launcher types, radar types, ship component types, gui-
dance channel constraint group types, and ship types are MSLGEN, LCHGEN,
RDRGEN, CMPGEN, GCGEN, and SHPGEN respectively; the data input formats I
for each of these routines are given in Appendix A together with ampli-
fying descriptions of the various parameters involved.

The TDHS mode requires the addition of one parameter (on Card Type
TS) and a new input card type. The new parameter specifies for a given
ship type the number of DET/TRK operator positions available on the ship
type. The new card type (Type TST) specifies the radar assignments for
the TRK SUP and for each DET/TRK operator. Provision is also made on
this card type to assign individual operators to automatic offset mode
of operation for the track updating process.

4.4.1A I
The radar surveillance/radar tracking version requires one added

parameter (on Card Type TS) and a slight change in description of two
parameters (on Card Types TSR and TSG). The new parameter specifies
the time window during which a given target must be detected at least
three times by surveillance radars on the defined ship type in order
to initiate a target track. The change in description of surveillance I
radar types specified on Card Type TSR refers to the definition of
those types now being defined by Card Types TR, TRB, and TRM. Simi-
larly, on Card Type TSG the tracking radar type refers to a data set I
defined by Card Type TR only.

4.4.2 Missile Guidance Techniques

The concept of guidance channel constraint groups (Appendix G) has
been introduced into the model so as to afford a single approach to
simulating present-day, as well as future, missile guidance techniques.
The widely used dual-simplex guidance scheme uses two fully dedicated
director-illuminator tracking radar sets (or guidance channels) with
each SAM launcher. A guidance channel is entirely committed to a
single engagement from initial target acquisition and missile launch to
intercept and kill evaluation; thereafter the guidance channel may be
used to reengage the same target or to take under fire some other tar-
get, as the assignment doctrine dictates. More efficient use is made

I
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l
of the missile launcher by having it supply missiles to two guidance
channels conducting independent target assignments; this is particu-
larly true when the missile time of flight to an intercept point is
large compared with the launcher cycle (or reload) time delay. A dual- I
simplex system may have no more than two assignments (per launcher) in
progress at any given instant of time.

A somewhat different guidance scheme for more advanced missile
systems abandons the notions of fully dedicated guidance channels and
exclusive commitment of a guidance channel to a target throughout the
course of a missile-and-target engagement. With the advanced guidance I
techniques a particular guidance channel may be serviced by any of
several missile launchers aboard the ship, and it may divide its time
among several missile-and-target engagements as the data rate require- I
ments of each dictate. Physically the "guidance channels" in a multi-
function phased array radar are more difficult to visualize than the

4-4B



4.7 Specification of Defense Units

Once a library of ship types has been established in the data base,
specification of individual defense units (ships and AEW aircraft) is

relatively easy. Each defense unit must be defined by a single input

card (of Type DF) to the Defense Generator (DEFGEN) routine. Each such
DF card specifies the number, name, ship type, heading, and position (in
rectangular or cylindrical coordinates) of a defense unit. Also speci-
fied is a TEWA group number for defense units having firepower capabili-
ties; this grouping is used within the threat-evaluation procedure in

the determination of the force-wide engagement status of individual tar-
gets. Inputs to the DEFGEN routine are terminated by a Type DX card;
this card is also used to specify the location of the Vital Area Center
used in force-wide threat-evaluation computations.

Following the DEFGEN inputs there may be additional, optional in-
puts to further refine the descriptiions of individual defense units.

These optional inputs fall into three categories; surveillance-radar
search-detector definitions, launcher fire-zone sector and salvo size
definitions, and radar simulation-model option selections for individual

surveillance radars and guidance channel groups.

Any, all, or none of the surveillance radars aboard a defense unit
(as determined by the corresponding ship type definition) may be assigned
limited search sectors by use of input cards of Type SR to the Sector
Generator(SECGEN) routine. Unless otherwise specified, all surveillance
radars are allowed full circle coverage. Restricted search sectors are
defined by giving a right-hand boundary (relative to the ship's heading
or to north, as desired), and a search sector width (of from 0 to 360
degrees). Each radar is then prohibited from making target detections
outside of its assigned search sector. (Individual surveillance radars
may be "turned off" simply by assigning a zero-width search sector;
this is an easier way to remove a radar from a ship than by going
through the alternative approach of defining a different ship type.)

Fire-zone sectors for individual missiles may be defined in a sim-
ilar fashion through the use of Card Type SL. Full circle coverage is
again assumed unless otherwise specified. Each launcher is prohibited
from launching a missile salvo against a target unless the target lies

within its fire-zone sector at the time the missile assignment is made.
This same card type is also used to specify the salvo size for indivi-
dual launchers (the number of missiles to be fired each time as an as-
signment is made). A default value of one (single missile salvos) is
assumed unless otherwise specified.

Only one such unit may at present be configured with surveillance
radar sets in the TDHS version. Until the development of the multiple-
ship TDHS model, all defense units but one must be generated from ship
types having no radars or defensive weapon systems.

Several radar simulation models are available within the program,
each representing a different level of detail or degree of sophistica-
tion in the treatment of the radar detection process. Which radar

4-9



simulation option(s) to use in a particular run depends on many factors, 3
including the purpose of the run, the sensitivity of the outcome expec-
ted or previously observed as a result of the option(s) selected, and
the importance attached to minimizing computer running-time costs (through
the selection of simple algorithms). Each surveillance radar and each
guidance channel group (tracking radar(s)) may be independently assigned
the simulation model option desired. Thus a number of different radar
simulation models may be employed concurrently within a given run. Un- a
less otherwise specified, the simplest radar model is assumed (a deter-
ministic cookie-cutter technique); this will yield the shortest possible
running time, but only radar horizon, scope limit, and horizontal and I
vertical coverage angles will be considered in making detection deci-
sions--effects of ECM and target cross section variations are ignored.

In the TDHS version the radar simulation algorithms no longer pro- _
duce "detected" targets but rather yield an array of detectable video
coordinates. A clustering routine in the MSP adjoins the video returns
from closely spaced targets according to the radar resolution capabili- 9

ties and other TDHS tracking parameters.

4. 7A

In the radar surveillance/radar tracking version the radar detec- I
tion of targets is performed by the SURSEM submodel according to the
characterization of the radar as defined by its radar type, so radar
simulation model options as previously defined in SPEARS no longer apply.

4.8 Specification of Offense Units

The Raid Generator (RAIDGEN) routine combines previously defined
target types, ECM loading groups, and defense unit information (for tar-
geting purposes) with flight-path and weapon-trajectory data to produce
individual offense units, both impacting and nonimpacting, as diagramed
in Fig. 4.5-1.

Every offense unit, or target, is associated with a piecewise lin-
ear Master Flight Path (MFP). The MFP for a nonimpacting target (e.g.,
launch vehicle, standoff jammer, strike-command aircraft, or cruise-
missile-launching submarine) may have from two to 15 nodes (X., Y., Z.).
The phasing or time of departure from the first node and the speea al6ng
each flight path leg are MFP input parameters. Offense units flying in I
formation may be associated with a common MFP, with the lateral, axial,
and vertical displacements of each from the MFP being described with the
specifications of each such target. (The MFP for a nonimpacting target
must be completely described as part of the run input data, and there is
no variation in such flight paths between successive replications.)

Any number of nonimpacting targets may share the same basic MFP, 3
with each such target being described by a single input card of Type RA.
This card specifies the target type and ECM loading group (both previ-
ously defined by inputs to the TYPGEN routine), the displacement values
(relative to the most recently defined MFP), and the number of parasites
carried (if any).

4\0I
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virtue of scheduling an UPDATE event in the game calendar. The TRACKR
event would thereupon reschedule itself, after a suitable delay-time
interval representing the period during which the DET/TRK operator is
occupied making the necessary console-button-pushing operations.

Should no video correlate with the sequenced track, then a missed-
report event (MISSTK) is scheduled for the track and the TRACKR event
reschedules itself after the time required for the radar to sweep
through the entire width of the operator's zone of interest.

After a predetermined number of successive missed-track reports, a
given track becomes eligible to be dropped from the TDHS by the track
supervisor. On a time available basis (e.g., when there are no addition-
al new detections to be entered) the track supervisor will schedule a
drop-track event (DROPTK) for a track which no longer has correlating
video available.

As the workload is lessened in the TDHS (by virtue of a succession
of drop-track actions), it may be appropriate to deactivate one or more
of the DET/TRK operators. This is accomplished by application of a
decision threshold and, when appropriate, scheduling a SLEEP event for
an operator; this will have the effect of removing the operator's next
scheduled TRACKER event from the game calendar.

5.3A

In the radar surveillance/radar tracking version of the MSP, the
SCAN event has been rewritten extensively to serve as the link between
the SPEARS logic and the SURSEM radar-surveillance submodel. A SCAN
event is now scheduled initially for each radar scan mode as appropri-
ate by the NODE event. It reschedules itself according to the periodic
scan rate of the radar scan mode it represents. The occurrence of a
SCAN event corresponds to an attempt by the specified radar scan mode
to detect any currently active targets within its coverage volume. A
scan mode of a surveillance radar is considered "activated" whenever a
SCAN event is scheduled for it in the game event calendar; an ENTER
event, signifying the entrance of a target into the scan mode's cover-
age volume, must occur for an initial activation to take place.

The occurrence of a LEAVE event corresponds to a target's passing
outside the coverage volume of the scan mode of a particular radar. A
radar scan mode is deactivated when no active targets are within its
coverage volume or when the radar is disabled as a result of enemy-
weapon impact or system failure. The deactivation of a radar scan mode
cancels any scheduled SCAN events for that scan mode. Reactivation of a
radar scan mode and the scheduling of a corresponding SCAN event follows
the occurrence of an appropriate ENTER event or the repair of the radar
set.
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A probability of detection for each active target within the cover-
age volume of the specified radar scan mode is calculated within the
SCAN event, using the SURSEM submodel. Monte Carlo sampling is then I
used to determine if any detections actually take place, and DETECT
events are scheduled for current game time accordingly. A primary dif-
ference between this version and the parent model is that here a radar
scan mode holds a target in a detected status with no effect on the I
scheduling of subsequent SCAN events, since update reports are neces-
sary for track establishment and maintenance. 3

The occurrence of a DETECT event for a particular radar-and-target
combination initializes or updates the track history for that target as
carried by the defense unit on which the radar resides. A defense unit
establishes a target track when any combination of radars on the defense
unit detects a given target three times within a specified time window.
The defense unit drops the track if no update (detection) is recorded
within a given update time period by either the defense unit's own £
radars or the radars of any defense unit with which it may communicate.

A PASS event is scheduled by the DETECT event to identify those 3
defense units able to receive communication transmissions from the de-
fense unit responsible for the detection. The detection report is then
passed on to each appropriate radar by means of a PASDET event. The
occurrence of a PASDET event for a particular radar-and-target pair
triggers a check of the track history of the target as carried by the
defense unit on which the receiving radar resides. If a track has al-
ready been established, the transmitted detection will update the track I
history if received within the specified update time period. Otherwise
it has no effect on the track history as carried by the defense unit,
since a detection received through a communication link cannot contri- 3
bute toward track establishment.

5.4 Threat-Evaluaton and Weapon-Assignment Events

There are ten event types primarily associated with threat evalua-
tion and weapon assignment: TEWA, ASSIGN, LAUNCH, INTCPT, RELEAS,
TRNSFR, ABORT, DROP, COMEIN, and OUTGO. The TEWA (threat evaluation
and weapon assignment) event involves several large subroutines and
like event type NODE is one of the most complex event types in the sim-
ulation model. A TEWA event sequence is associated with each defense
unit having SAM firepower capability. Scheduling of the initial TEWA
event for a defense unit is triggered by the first detection made with
respect to that defense unit; this TEWA is displaced in time from its I
generating DETECT event by an evaluation reaction time, the value of
which is specified on the GP input data card. Thereafter the TEWA

event for the defense unit regenerates itself according to a time in- I
terval either as specified on the GP input data card or as determined
by the next earliest time of weapon availability.
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The total number of targets within SAM assignment range of any
given ship is kept by incrementing a counter by one each time a COMEIN

event for a particular ship occurs (and by decrementing the counter by
one each time an OUTGO event for it occurs). Whenever the in-range

target counter for a particular defense unit is incremented from 0 to 1,
a TEWA event is scheduled for that ship unless there is already one in

the game-event calendar.

When a TEWA event occurs, the value held in the in-range target
counter for that defense unit is tested. If the value is 0. control

will be returned immediately to the main program without scheduling a
future TEWA event for the ship. Otherwise a preliminary check is made

to determine if the specified defense unit has any weapons available
for possible assignment during the current TEWA interval (between cur-
rent game time and the latest time at which the next TEWA event for
this defense unit will occur). If no weapons are available, due to en-

gagements in process and/or to disablement of necessary weapon system
components, the event will proceed no further but will simply resche-
dule itself for the earliest time at which a weapon will become available.

If one or more weapon systems are found to be available on the de-
fense unit, then the TEWA routine will produce a threat-ordered list of
the targets currently held in a detected status with respect to the de-
fense unit using a threat-ordering algorithm patterned after the proce-
dure used within the Naval Tactical Data System (NTDS). Threat ordering
is done with respect to both own ship and the task force Vital Area Cen-
ter. Preference is given to self-defense, and then to area defense,
with threat-number ties being broken by random-number selection.

Offense units found to have sufficiently high threat numbers are
then considered for possible engagement by SAM weapons. The weapon as-
signment routine verifies availability of the necessary weapon-system
components, performs a trial intercept calculation, determines if the
predicted intercept point lies within the performance envelope of the

missile type being considered, and checks the guidance channel con-
straint expressions to insure that they are satisfied throughout the
expected duration of the assignment. If more than one SAM system
aboard the defense unit is capable of engaging the designated target,
preference will be given in the following order:

1. To the system having the higher priority missile type, where
missile priority is inversely related to maximum range cap-
ability (reflecting missile replacement costs),

2. To the system able to achieve the earliest assignment time
within the current TEWA interval, and finally,

3. To the system having the greatest number of missiles remain-
ing in its launcher magazine.
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Once a SAM system has been selected for the assignment, an ASSIGN event
will be scheduled in the game calendar, and if weapons are still avail-
able on the defense unit, another target will be considered for possible
engagement. This process will continue until there are no more engage- I
able targets or no more weapons available on the defense unit.

The ASSIGN event indicates the pairing of a weapon and a target as 3
determined in the TEWA process. The corresponding LAUNCH event is then
scheduled for a time displaced from the ASSIGN time by the target acqui-
sition delay of the guidance system and the firing circuit activation
delay of the selected missile launcher.

Occurrence of a LAUNCH event corresponds to the firing of a SAM
from its launcher. The computed time of flight to the predicted in- I
tercept point is then used to schedule the subsequent INTCPT event.

When the INTCPT event occurs, a Monte Carlo evaluation is made to 3
determine if the missile succeeded in inflicting lethal damage to its
assigned target. If so, a second random sampling is made to establish
the time required for the target to die (to become ineffective and eli-
gible for removal from the play of the game) and a DIE event for the
target is scheduled accordingly. If the time of death so computed is
earlier than any previously held time of death for that target, then
the later DIE event is removed from the game calendar. At this point I
the SAM system is tentatively given credit for killing the target.

The INTCPT event also causes scheduling of a RELEAS event for the
SAM system at a later time, following the kill-evaluation delay period
associated with the weapon type used. Occurrence of the RELEAS event
simply releases the weapon system from its most recent engagement, mak-
ing it available for a new assignment.

However not all SAM engagements can be expected to go smoothly
from the ASSIGN to the RELEAS event. Some of the possible causes for I
disruption of the normal sequence of events in the history of a SAM en-
gagement are:

a The target may change its course in such a manner that inter-
ception by the assigned missile is no longer possible due
either to performance-envelope restrictions or to violation of
the guidance-channel-constraint expressions;

* The target may be killed by another missile system (target
preemption);

* The target may cease to exist, by reaching its final flight-
path node (this will normally only happen for impacting tar-
get types);
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* One or more necessary components of the SAM system may be dis-
abled due to the effects of an enemy weapon impact.

Depending on the nature of the disruption, the time at which it occurs
(relative to the predicted SAM engagement history), and the availability
of other nearby (indistinguishable) targets, the SAM engagement may be
dropped, transferred, aborted, or simply released.

A DROP event will be scheduled if the assignment cannot be comple-
ted and if the missile (salvo) has not been irrevocably committed to
the engagement. Thus, if the launcher firing circuit has not yet been
activated, the assignment will be scratched with no missile expenditure.

If the SAM engagement in question has already achieved its inter-
cept, then the disruption will have little effect on that assignment
except that the weapon system release may be scheduled for a slightly
earlier time.

A TRNSFR event will be scheduled if the launcher has been fired
(but target interception has not yet occurred), and there is available
another target to which the assignment may be transferred. The rules
by which eligibility for transfer is decided are under control of the
programmer so they may be made prohibitive (no transfers allowed), re-
strictive (transfer allowed to another target occupying the same radar
resolution cell as the original target), or permissive (according to
virtually any other criteria desired). After a TRNSFR event the remain-
ing engagement events (e.g., INTCPT, RELEAS) will proceed as if the as-
signment had been originally made to the new target except that they
may be rescheduled to reflect a different intercept time.

If the missile has been irrevocably committed to the engagement
and transfer to another target is not possible (or allowed), then an
ABORT event will be scheduled which will terminate the engagement with
the unproductive expenditure of the missile salvo.

This area of the simulation model is currently deactivated in the
TDHS version. To bring the TEWA functions into the TDHS SPEARS, it will
be necessary to key those functions to track-history data rather than to
actual target-position data as is done in the parent model.

5.4A

The radar surveillance/radar tracking version of SPEARS employs
the threat-evaluation and weapon-assignment events of its parent model
with the replacement of "detection" by "established track". Scheduling
of the initial TEWA event for a defense unit is now triggered by the
establishment of the first target track by that defense unit. Within
TEWA a threat-ordered list of all targets for which the defense unit
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carries a current established track is made for potential weapon assign- -
ment. An established track is considered current by TEWA if it has
been updated within a specified update time period; established tracks
carried by the defense unit found not current by TEWA are dropped.

5.5 Attrition of Offense Events

There are two event types primarily related to kill, damage, and
disablement of offense units: DIE and VICTIM. Both event types relate
to the attrition of offense units through the effects of defensive mis- I
sile firepower and result from the occurrence of an INTCPT event.

Scheduling of a DIE event for a target results from one or more
successful intercepts by defensive missile firepower, as previously dis-
cussed. If the target has reached its final flight-path node (with a
VANISH or IMPACT event) prior to occurrence of the DIE event, then no
further action is taken since the target would have been already re- I
moved from the game play. Otherwise the target is tagged as being
"dead" and the SAM system responsible for the DIE event is credited
with a target kill. The target is then removed from the game plan in I
much the same manner as in the VANISH and IMPACT events. In addition
any unlaunched parasites or in-flight targets dependent on the killed
target for guidance signals will be attrited through the use of a
VICTIM event type scheduled concurrently with the DIE event (at current
game time).

Occurrence of a VICTIM event for an unlaunched parasite involves I
nothing more than tagging the target as dead and crediting the respon-
sible SAM system with an additional target kill. If the VICTIM event

I
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Amplification of Card Type TR
(For the radar surveillance/radar tracking version only)

This version of Card Type TR and Card.Types TRB and TRM which fol-
low replace the original Card Types TR, TRI, and TRF in the radar sur-
veillance/radar tracking version of SPEARS.

Card Columns

1-2

Description

The label TR indicating that this card is a

radar-type header.

6-25

26-30

Twenty-character field which may be used to
assign a name to this radar type.

Identification number (NRDR) for this type.

Type of radar (1 = surveillance, 2 = tracking/
fire control).

31-35

36-40 For surveillance radars: radar frequency in
megahertz.
For tracking/fire control radars: target ac-
quisition delay time. This delay represents
the mean time from assignment of a fire-
control radar to a target to the acquisition
of the target by the radar (0 to 31 s)-

41-45 For surveillance radars: antenna pattern
indicator (0 = pencil beam, 1 = cosecant
squared beam).

For tracking/fire control radars: kill evalua-
tion delay time. This delay represents the
mean time from intercept of a target to the
assessment of the intercept (0 to 31 s).

46-50 Linear polarization in degrees, from 0 to 90,
where 0° = horizontal and 900 = vertical.

51-55 Number of radar scan modes (limited to 15).

(Fields 46-50 and 51-55 are ignored for tracking/fire-control radars).
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Amplification of Card Type TRB
(For the radar surveillance/radar tracking version only)

Card Columns

1-3

6-15

16-25

26-35

36-45

46-55

56-65

66-75

Description

The label TRB indicating that this card con-
tains seven basic radar parameters (in addition
to those on card type TR) for surveillance
radars only.

Receiver noise in dB,

Horizontal 3-dB beamwidth in degrees.

Vertical 3-dB beamwidth in degrees.

One-way antenna gain in dB.

One-way sidelobe level in dB down.

Receiver line loss in dB.

Transmitter line loss in dB.
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Amplification of the First Card of Card Type TRM
(For the radar surveillance/radar tracking version only)

Card Columns

1-3

6-15

16-25

26-35

36-45

46-55

56-65

66-75

Description

The label TRM indicating that this card con-
tains surveillance-radar scan-mode parameters.
Three cards, each labeled TRM, are required
for each radar scan mode, which are numbered
by SPEARS in ascending order as they are de-
fined, beginning with 1.

Lower limit of elevation-angle coverage in
degrees.

Upper limit of elevation-angle coverage in
degrees.

Peak power in megawatts.

Pulse length in microseconds.

Interlook period (time between scans) in seconds.

Scan offset (relative to radar initialization)
in seconds.

Instrumented range in nautical miles.
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Amplification of the Second Card of Card Type TRM
(For the radar surveillance/radar tracking version only)

Card Columns

1-3

6-15

16-25

26-35

36-45

46-55

56-65

66-75

Description

The label TRM.

Mode-dependent loss in dB.

Number of pulses integrated.

Minus log1 0(false-alarm probability). (For

example, if the false-alarm probability is

10 6, it would be entered as 6.)

Compressed-pulse length in microseconds.

Sea-clutter improvement factor in dB.

Intermediate-frequency bandwidth in megahertz.
(If 0 is entered, the bandwidth is set at the

reciprocal of the compressed pulse length.)

Mode-dependent frequency increment in megahertz.
(A nonzero entry affects the horizontal and
vertical beamwidth and antenna gain for this
scan mode.)
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Amplification of the Third Card of Card Type TRM
(For the radar surveillance/radar tracking version only)

Card Columns

1-3

6-15

16-25

Description

The label TRM.

Blanking time in microseconds. (A zero entry
sets the blanking time at the pulse length.)

Rain-clutter improvement factor in dB.
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Amplification of Card Type TE

Card Columns

1-2

26-30

31-35

36-40

41-45

46-50

51-55

56-60

Description

The label "TE' indicates that this is an ECM Loading

Group card.

The identification number of the ECM Loading Group data

that follows. It may be used as a reference number when

generating targets (aircraft and missiles).

Communications-band jamming indicator where 1 indicates

that this is a jamming group and 0 (or blank) that it is

not.

P-Band power density given in w/mHz.

L-Band power density given in w/mHz.

S-Band power density given in w/mHz.

C-Band power density given in w/mHz.

X-Band power density given in w/mHz.
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Card Columns

1-2

26-30

31-35

Amplification of Card Type TC

Description

The label TC indicating that this is a cross
section group-header card.

The identification number, NG, of the cross-
section group data that follow. This value
may be used as a reference number in describ-
ing a target type on Card Type TT.

Option number for radar cross-section data.
The available options are:

Option 1: a(I,M) = A(I,1,M),

Option 2: a(I ,D,M) =
ft
j=1

Option 3: a(0H,'VM) =

Option 4*:

[A(I~j,M) 3 j1]1

NI NJ

A~ijM) 0i-1 oj-1L LA~i~iM)H V'
i=1 j=1

a(O,M) = A'(1,1,M) cos 24 + A'(2,1,M) cos 40

+A'(3,1,M) cos 80 + A'(4,1,M),

where

a = the radar cross-section value computed for
the target being considered,

I = the radar frequency-band index,

M = the cross-section group to which the tar-
get belongs (=NG),

*Defined for the radar surveillance/radar tracking version only.
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Amplification of Card Type TC (Concluded)

Card Columns

36-40

41-45

Description

A = the cross-section data array,

0 = the solid aspect angle of the target with
respect to the radar position,

0H = the horizontal aspect angle,

0V= the vertical aspect angle,

A' = coefficients calculated as a function

of the target head-on, broadside, and
minimum radar cross sections.

The cross-section values computed with
options 3 and 4 are independent of the
radar frequency band.

Number of rows NI in cross-section data to be
specified on Card Type TCD (=3 for option 4).

Number of columns NJ in cross-section data
to be specified on Card Type TCD. If option
1 or 4 is given on columns 31-35 of this card,
the value of this field is assumed to be 1.

Marcum-Swerling cross-section model number
(0,1,2,3, or 4).

46-50
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Amplification of Card Type TCD

Repeat as many cards of this type (up to seven cards) as is neces-

sary to describe the cross-section data array. Each card must have the

letters TCD in columns 1-3.

If option 1 or 4 is selected on card type TC, only one card is

necessary to list the single column of cross-section data for this

group. For option 4 (defined for the radar surveillance/radar tracking

version only) the entries represent:

Card Columns

6-15

16-25

26-35

Description

Target head-on radar reflective area in m .

Target broadside radar reflective area in m .

Target minimum radar reflective area in m .
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Label

DISPOSITION

N/A
*21

(Unused integer) N/A

s _ ~~~~~Ship-type name SHPTNM c

G _ =l ,N20BCD |

_0> 2 ! LO Ship-type index value N/Ac

- _ 7 -

_ z e e+ Number of scanning radar sets on NSHPT
8_oiship type N-T (NST)c n N

CD~~~~~~~~~~IlNOC

8 2 O e~C Number of guidance-channel groups NPSHPT rn
_~~~ t oID on ship type NST (NST) d 2

- ~~~~-

_ O Total number of guidance channels NPSHPTe 

a U~~~o 

*r 0 C ) on ship type NST (NST) 

E z o _.M Total number of missile launchers NPSHPTf 

e s ~~~ on ship type NST (NST)

X ~~~~Number of Tracking Operators on

_ _. Ship Tye NST (for TDHS version
M only) or time window for track TKESTM(NST)

establishment (for radar surveil-

S . ~~~lance/radar tracking version only

L _ 

a _ _

* _ 

U ~ ~ ~ - _ 

I I
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Amplification of Card Type TS

Card Columns Description

1-2 The label TS indicating that this is a ship-
type header card.

6-25 Twenty-character field which may be used to
assign a name to the ship type being defined.

26-30 The identification number for this ship type.

31-35 The number of scanning radar sets on this
ship type. Each set will be assigned a radar
type on Card Type TSR.

36-40 The number of guidance channel groups on this
ship type. Data for each group are described
on Card Type TSG.

41-45 The total number of guidance channels on this
ship type. Each guidance channel group has
associated with it one or more guidance chan-
nels. The sum of guidance channels over all
such groups (columns 36-40) must agree with
the value of this field.

46-50 The total number of missile launchers on this
ship type. Each guidance-channel group ser-
vices one or more launchers. The sum of
launchers over all such groups must agree with
the value of this field.

51-55 The number of tracking operators aboard this ship type
(for the TDHS version only), or the time window
for track establishment for radars on this
ship type, with three detections being re-
quired within the time specified to establish
a track (for the radar surveillance/radar
tracking version only).
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Amplification of Card Type TSR

This card is necessary if the number of scanning radars specified

on Card Type TS is nonzero. Columns 1-3 contain the letters TSR. Each

scanning radar is assigned a radar type that has previously been defined

by Card Types TR, TRI, and TRF, (or by Card Types TR, TRB, and TRM for

the radar surveillance/radar tracking version). Up to seven scanning

radar sets per ship type are allowable.
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R0

-4
a> 0ro> Z DESCRIPTION DISPOSITION

1
-3 - z- n; z o

.M Label N/A co 3

_n w _(Unused Integer) N/A Mm>v __ __ __ ___ __ _v C 
-< . r Tracking Radar Type for the 1st MN SHPT 

Guidance Channel Group for Ship Type= N (NST) 

in-
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MNSHPTb
(NST)

o.I

mm-M
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C

0

w

0
Z

-S
0

0

En

-3

i-q

g

0

_ Number of Launcher Types serviced by MNSHPT _ C
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S _ oH H- - "3
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S 8 e MNSHP# ..............................MN SHPT, 
w S 0CT 1 the NLCHTth Launcher Type (NT... ..................... 

MNbyCGroup (NST)

"3S _ "3.................... 

t~~~~~~~~~~~~~~~~~~~~~~ i

0

0n NLCNthLauchrlTpe .. .NSHPT, 

a - ~~~~~~~~~~~~~~~~~~~~A

5 _ _ ~~(Only one Guidance Channel Group isv
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a in~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

' _ _ ~~~~~~~~as

9 cn 'I

a am _:
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Amplification of Card Type TSG

There is one card of this type for each guidance-channel group

(which means that no cards are necessary if there are zero groups).

The number of groups is given on Card Type TS. Each group has associa-

ted with it one or more guidance channels and services one or more

launchers. When all TSG cards have been read for a ship type, a check

is made to see that the total number of guidance channels and launchers

over all groups corresponds to the totals given on Card Type TS. If

agreement is not found, the error indicator is turned on, a message is

printed, and processing continues.

Card Columns Description

1-3 The label TSG indicating that this is a wea-
pons configuration card for a guidance-channel
group IG belonging to the ship type NST being
processed.

Tracking radar type for guidance-channel group
IG and ship type NST. This value refers to a
data set defined by Card Types TR, TRI, and
TRF or, for the radar surveillance/radar track-
ing version, by Card Type TR only.

The guidance-channel constraint-group type for
guidance channel group IG and ship type NST.
This value refers to a data set defined by
Card Types TG, TGP, TGC, and TGA. The guidance-
channel constraint-group type determines the
number of guidance channels for group IG (Card
Type TG).

The number of launcher types NLCHT serviced by
guidance-channel group IG.

The first launcher type M1,IG serviced by

guidance-channel group IG. This value refers
to a data set defined by Card Type TL.

The number of launchers N1,IG of type M1,IG ser-

viced by guidance-channel group IG.
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Amplification of Card Type TSG (Concluded)

Card Columns

31-35

36-40

41-45

46-50

Description

Same as card columns 21-25 but for M IG if NLCHT > 2.

Same as card columns 26-30 but for N IG and M2,IG if

NLCHT 2 2.

Same as card columns 21-25 but for M IG if NLCHT = 3.

Same as card columns 26-30 but for N IG and M3 IG if

NLCHT = 3.
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Amplification of Card Type TSC

One TSC card is required for each component associated with ship

type NST. Usually one such card is defined for each of the NR radar

systems, NC guidance-channel systems, and NL launcher systems as speci-
fied on Card Type TS as well as for any other components desired to

model the ship type. In the radar surveillance/radar tracking version,
one TSC card must be defined for each of the surveillance radar systems,
since the z coordinate of the component's position as specified in col-
umns 26-30 is used as the radar antenna height. The sum of components
taken over all ship types in a given replication may not exceed ICOMAX;
the number associated with a particular ship type may range from zero
to ICOMAX. Within each ship type, all type TSC cards must follow the

last type TSG card and precede the type TSH card.

Card Columns Description

1-3 The label TSC indicating that this is a compo-
nent card for ship type NST.

6-10 Component ID number, assigned by the user,
which must be unique within ship type NST.

11-15 Component type number to be associated with
this component, referring to the data set
defined by cards of type TP.

16-20 x coordinate of the component's position rela-
tive to the local coordinate system of the
ship type (feet).

21-25 y coordinate of the component's position rela-
tive to the local coordinate system of the
ship type (feet).

26-30 z coordinate of the component's position rela-
tive to the local coordinate system of the
ship type (feet).

31-35 Binary flag indicating whether the component
is exterior (1) or interior (0) to the ship's
hull.
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Amplification of Card Type TSC (Continued) 3
Card Columns Description 3

36-40 Scenario cost index indicating the component's
value to the task force overall. 3

41-45 System code indicating that this component is
a radar (1), guidance channel (2), launcher
(3), or other type of component (0 or blank). 9

46-50 System type number giving the radar type num-
ber, guidance-channel type number, or launcher
type number, if system code above is 1, 2, or
3 respectively; the field is 0 or blank
otherwise.
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Amplification of Card Type EN

Card Type EN furnishes the scenario environmental data for a game

replication. This card, if present in the input deck (see Card Type

EX for default option), must follow Card Type CX, the communications-

generator trailer card.

Card Columns

1-2

6-15

16-25

26-35

36-45

46-55

Description

The label EN indicating that this is an en-

vironmental data card.

Wind speed, expressed in meters per second.

Altitude at which the wind speed is taken,

expressed in meters.

Nominal reflection coefficient.

Multipath indicator (defined for the radar
surveillance/radar tracking version only):

0 = no multipath propagation

nonzero = multipath propagation.

Rainfall rate, expressed in millimeters/hour
(defined for the radar surveillance/radar
tracking version only).
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Amplification of Card Type EX

Card Type EX is the trailer card for the environmental generator
and must always appear in the input deck. If no Card Type EN is
present, then the default option of zero for wind speed, altitude,
reflection coefficient, multipath propagation, and rain is used.
Upon reading this card, execution control is returned to the GENER8
program.

Card Columns Description

1-2 The label EX indicating that the environmental
data have been read.
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A. Packed list n IRADPC* * BPU nam IBITS2 . Common block name RADAR

B. One packed group per Radar Set of which there may be 63 ' G

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a I 1 Disabled (1) or not (0)

b 2 1 Activated (1) or not (0) Note #1

C 3 4 Radar simulation model option Note #2

d 7 6 Radar type number

6 13 6 Associated ship number

f 19 6 Sigma of range error range resolution
cells

g 25 6 Sigma of azimuth error mils

* D. Bits per unit 30 . Total packed list length

I E. List dimension on machine with word length of:

3 60 bits 32 words; 3 6 bits 53 words;

1,890

bits

bits.

words

F. Notes:

#lField b is set to "1" by the ENTER event when the initial scan for this radar
is scheduled.

#2 Fields a, b, and c would normally be picked up together as a single 6 bit field,
with a value greater than 31 implying a disabled radar set.

*IRADPC packed list format for TDHS version.
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For the radar surveillance/radar tracking version only:

A. Packed list name IRADPC . BPU name IBITS2 . Common block name RADAR

B. One packed grcup per radar set of which there may be 63

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a l 1 Disabled (1) or not (0)

b 2 1 Activated (1) or not (0) Note 1

c 3 4 Radar simulation model option Note 2

d 7 6 Number of radar scan modes (> 0 for a
surveillance radar and 0 for a track-
ing radar) .

e 13 6 Associated ship number

f 19 2x6 No. of primary detections achieved

9 31 1 Radar mode 1 activated (1) or not (0)

h 32 1 Radar mode 2 activated (1) or not (0)

1 Radar mode n activated (1) or not (0)

u 45 1 Radar mode 15 activated (1) or not (0)

D. Bits per unit 45 . Total packed list length

E. List dimension on machine with word length of:

60 bits 48 words; 36 bits 79 words;

F. Notes:

2835 bits.

bits words

1. Field b is set to "1" by the ENTER event when the initial scan for
this radar is scheduled.

2. Fields a, b, and c would normally be picked up together as a single
six-bit field, with a value greater than 31 implying a disabled radar
set.
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A. Packed list name IRDRPC . BPU name. IBITS3 . Common block name RADAR

B. One packed group per Radar Type of which there may be 31

C. Packing Format:

First Field
Field Bit N iedt Purpose Remarks

HeBit No. Width

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data Note #1

C 3 3 Radar frequency band index

d 6 5 Target acquisition delay for tracking seconds
radars__ _ _ _ _ _ _ _ _ _

e 11 5 Kill evaluation delay for tracking radars

f 16 5 Surveillance radar scan rate

g 21 3x5 Maximum unambiguous range kft

D. Bits per unit 35 . Total packed list length

E. List dimension on machine with word length of:

60 bits 19 words; 36 bits 31 words;

F. Notes:

1,085

bits

bits.

words

#1. These three fields together constitute a single 5 bit field during the

play of the game (at which time fields a and b should both be zero).

B-14A

I
I
U

U

I
I
I
I
I
I
I
I
U

I
I
I
I
I



I
For the radar surveillance/radar tracking version only:

A. Packed list name IRDRPC . BPU name IBITS3 . Common block name RADAR

B. One packed group per

C. Packing Format:

radar type of which there may be 31

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Old (0) or new (1) type data

b 2 1 Good (0) or bad (1) type data
_____ ______ _____ ~~~~ ~~~Note 1

c 3 3 Type of radar (1) for surveillance and
(2) for tracking/fire control

d 6 5 Target acquisition delay for tracking Seconds
e radars

e 11 5 Kill evaluation delay for tracking Seconds
radars

f 16 5 Number of radar scan modes (> 0 for a
surveillance radar and 0 for a track-
ing radar)

9 21 3x5 Unused

D. Bits per unit 35 . Total packed list length _

E. List dimension on machine with word length of:

60 bits 19 words; 36 bits 31 words;

1085 bits.

bits words

F. Notes:

1. These three fields together constitute a single five-bit field during
the play of the game (at which time fields a and b should both be
zero).
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A. Packed list name NCCCDT . B]

B. One packed group per Component

C. Packing Format:

PU name NB7 . Common block name COMPON

of which there may be 620

- D. Bits per unit 75 . Total packed list lengthI E. List dimension on machine with word length of:

1 60 bits 775 words; 36 bits 1292 words;

46,500 bits.

bits words

B-35

First Field
Field Bit. No Width Purpose Remarks

a 1 25 Cumulative costs In units of Q7Q1

b 26 25 Current cost (D) In units of Q7Q2

c 51 25 Cumulative cost since last repair event (d) In units of Q7Q3



A. Packed list name NCSGRP , BPU name NBITSl , Common block name CSGECM

B. One packed group per cross-section group of which there may be 15

C. Packing Format:

First Field
Field Bit. No Width Purpose Remarks

a 1 1 Old (0) or new (1) group data

b 2 1 Good (0) or bad (1) group data

c 3 3 Option number 1, 2, 3, or 4

Note 1

d 6 3 Number of rows in cross-section data
array

e 9 3 Number of columns

f 12 3 Marcum-Swerling cross-section model 0, 1, 2, 3,

number or 4

D. Bits per unit 14 . Total packed list length 210 bits.

E. List dimension on machine with word length of:

60 bits 4 words; 3 6 bits 7 words; bits words

F. Notes:

1. Option 4 is used by the radar surveillance/tracking version only
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Common block name DROPQ . Sizes: Full , Reduced 55

Parameter Dimensions
Name Full | Red. Description

-4-~~~~~~
LTSQ 1 Points to the location in the array KTSQ (below) of the

next track to be removed from the queue.

NTSQ 1 The number of tracks currently stored in the array KTSQ.

KQLONG 1 The dimension of the array KTSQ.

KTSQ 20 An array, called the drop-track queue, which contains
tracks to be dropped by the track supervisor.

TIMEIN 20 The time that a track was entered into the array KTSQ.

LENTHQ 4 An array containing the minimum and maximum drop-
track queue lengths along with two parameters used to
compute the average queue length during the game.

QLTIME 2 The time at which the minimum and maximum queue
length, respectively, was attained.

WAITIM 6 A 2 x 3 array where column 1 contains the minimum
waiting time along with the time of occurrence, column 2
the maximum and its occurrence time, and row 1, column 3
the total waiting time.
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Common block name ENVRON Sizes: Full 3 or 5 , Reduced 3 or 5

Parameter Dimensions.

Name Full I Red. Description
Paramter imenIons j

WINDSP

ALTUDE

REFCOF

FMULT

RAI N

1

1

1

1

1

1

1

1

1

1

_.._

Wind speed (scenario).

Altitude at which the wind speed was taken.

Nominal reflection coefficient.

Multipath indicator.*

Rainfall rate.*

* Radar surveillance/radar tracking version only.
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Common block name RADAR Sizes: Full 378

Cr-

* IS
Reduced 354 .

l DimensionsParameter --

Name Full Red. Description

IRADPC 32 8* Packed list of integer parameters for up to
IRMAX radar sets.

IBITS2 1 1 The number of bits required to store the
information in IRADPC for one radar set.

IRDRPIC 1 19* Packed list of integer parameters for up to
19 ______NRTMAX radar types.

IBITS3 1 1 The number of bits required to store the

________ information in IRDRPC for one radar type.

IRDROP*45 45* Packed list containing radar simulation model
integer parameters for up to NRTMAX radar types.

The number of bits required to store the option
IBITS4 1 1

information in IRDROP for one radar type.

RC 8,31 8,31 Array of as many as 8 floating point parameters
for up to NRTMAX radar types.

XLMDA 31 31 Normalized threshold used in probability of
detection computation.

Notes:
*
These figures are based upon a machine word length of 60 bits.
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For the radar surveillance/radar tracking version only:

Common block name RADAR , Sizes: Full 7803* , Reduced 7779*

Parameter 1 Dimensions

Name Full Red. Description.

32*

1

19*

1

10,31)

16,15,
31)

8*

1

19*

1

(10,31)

(16,15,
31)

Packed list of integer parameters for up to
IRMAX radar sets.

The number of bits required to store the
information in IRADPC for one radar set.

Packed list of integer parameters for up to
NRTMAX radar types.

The number of bits required to store the
information in IRDRPC for one radar type.

Array of ten basic radar parameters for up
to NRTMAX radar types.

Array of 16 radar-mode parameters for up to
15 modes on each of at most NRTMAX radar
types.

I
I
I
I
I
I
I
I
I

I
I
I
I
I
I

I
I

* These figures are based on a machine word length of 60 bits.
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Sizes: Full 441 , Reduced 105

Parameter Dimensions

Name Full Red. Description

RSECT 63 15 Right hand boundary of coverage sector for each
of up to IRMAX radar sets.

WIDE 63 15 Width of the radar coverage sectors.

COSRT 63 15 Cosine of the right hand coverage sector
boundary angle.

SINRT 63 15 Sine of the right hand coverage sector
boundary angle.

COSLF 63 15 Cosine of the left-hand coverage sector
boundary angle.

SINLF 63 15 Sine of the left-hand coverage sector boundary
angle.

RZROOT 63 15 Square root of the radar set antenna height.
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Sizes: Full __, Reduced 10

I

Parameter Dimensions

Name Red. Description

COSTHT 1 The cosine of the angle* of rotation. Applicable only if
the reachable set is an ellipse.

SINTHT 1 The sine of the angle of rotation. Applicable only if the
reachable set is an ellipse.

BSQ 1 Computed as 1.0 - E2 where E is the eccentricity of the
ellipse. Applicable only if the reachable set is an ellipse.

MRSOPT 1 Indicates the form of the reachable set where 1 means a
circle and 2 an ellipse.

RADSQ 1 The square of the radius limiting the size of the reachable
set.

SFACTR 5 An array of 5 scale factors which are used to increase or
decrease the size of the reachable set. The factors are a
function of the number of reports in the track history.

Notes:
*e.g., the angle between the X-axis and the current flight path leg of

of the target under consideration.
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For the radar surveillance/radar tracking version only:

Common block name SCAN* . Sizes: Full 7 , Reduced 7

Parameter Dimensions

Name Full I Red. Description

1

1

1

11

I

1

Radar frequency band index.

Target cross-section group number.

Target cross-section option number.

Number of rows in the cross-section
data array.

Number of columns in the cross-section
data array.

Marcum-Swerling target model number.

Aspect angle of the target with respect
to the radar.

* This common block serves as a linkage between the SCAN event and the
target cross-section calculation in the SURSEM submodel.
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IRB

NG

IOPT

NROW

NCOL

MODEL

ASPCT

1

1

1

1

1

1
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Coo bSizes: Full 566* , Reduced 432*

Parameter Dimensions

Name Full Red. Description
-I -

Packed list of integer parameters for up
to ISMAX ships.

The number of bits required to store informa-
tion in ISHPFO for one ship.

Packed list containing radar types for up to
NSTMAX ship types.

The number of bits required to store informa-
tion in KRSHPT for a maximum of seven radar
sets for a single ship type.

Packed list of guidance-channel-group integer
parameters for up to NSTMAX ship types.

The number of bits required to store informa-
tion in MNSHPT for a maximum of seven guidance-
channel groups for a single ship type.

Packed list of integer parameters for up to
NSTMAX ship types.

The number of bits required to store informa-
tion in NPSHPT for one ship type.

Packed list of component position and vulner-
ability data for up to NSTMAX ship types.

The number of bits required to store informa-
tion in NVSHPT for up to ten component groups
for a single ship type.

Array of position coordinates (X,Y,Z) for up
to ISMAX ships.

Array of in-range target counters for up to
ISMAX ships.

Array of time windows for track establishment
by up to NSTMAX ship types. (For the radar
surveillance/tracking version only.)

* These figures are based on

I
a machine word length of 60 bits.
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ISHPFO

IBITS5

KRSHPT

KBITS4

MNSHPT

MBITS1

NPSHPT

NBITS4

NVSHPT

NBITS6

SHIPOS

INRNG

TKESTM

49*

1

19*

1

163*

1

20*

1

155*

1

3,31

31

31

11*

1

19*

1

163*

1

20*

1

155*

1

3,7

7

31

.1~

0

L--------- _L
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Common block name TARGET Sizes: Full 2113 , Reduced 497
2137$ 421 _

Parameter Dimensions

Name Full Red. Description

Array of target displacements (AX,AY,AZ) from
DISP 3,255 3,63 the associated master flight paths.

The latest target node time from which parasite

ENDGTM 1 1 launches are referenced or, if there are no

parasites, the latest node time of any target.

The total number of parasite targets specified
_________ _______ in the RAIDGN inputs.

JTGT 1 1 The total number of targets, including para-
sites, specified in the RAIDGN inputs.

* * Packed list of integer parameters for up to

JTMAX targets.

The number of bits required to store infor-

JBITS3____ 1 _____ 1 mation in JTRGF0 for a single target.

JWPRF 8* 8* Packed list of integer parameters for up to
JWPRF 8 8 JWPMAX weapon profile descriptions.

The number of bits required to store infor-
mation in JWPRF for one weapon profile.

* * Packed list of integer parameters for up to

__________ 14 __14_ NTTMAX target types.

NBITS5 1 1 The number of bits required to store infor-
NBITS5____ _ ______ mation in NTGPAR for one target type.

LPATH 1 1 Dimensiont of the PATHS array.

PATHS 1000t 200t Array of master flight path and weapon profile
data.

JTFAIL 23 Packed list of failure probabilities for up to JTMAX targets.

JBITS7 I The number of bits required to store the failure probabilities
in JTFAIL for one target.

Notes;

These figures are based upon a machine word length of 60 bits.

tThe dimension of the PATHS array is set arbitrarily; generation of

numerous and lengthy MFPs and weapon profiles would necessitate

increasing the dimension of this array.

tThese sizes include the storage unique to the TDHS version.
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For the radar surveillance/radar tracking version only:

Common block name TARST , Sizes: Full - 63 , Reduced 63

Parameter Dimensions

Name Full I Red. Description
-~ ~~~~~~~~~~~~~~~~~~~~ . _ _

ITARST 63 63

I I

STATUS (active or inactive) of up to JTMAX
targets at current game time SIMTIM

C- 46
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Common block name TECOMM Sizes: Full 332 , Reduced 84

Parameter Dimensions

Name Full Red. Description

ICOMM 17 1 Packed list of intership-communication-link

status values.

The number of bits required to store the
IBITS6 1 1 communications link status data in ICOMM for

one ship (receiver).

An indicator that will override use of the

IXMIT 1 l ICOMM list if not equal to 0. If < 0, then no
links ever exist; if > 0, then all links always

exist.

Packed list specifying which intership com-

IMODIF 17 1 munications links are allowed to be modified

by the effects of enemy jamming.

The number of bits required to store the
IBITS7 1 1 modification specifications in IMODIF for one

ship (receiver).

An indicator that will override use of the

MODIFY 1 1 IMODIF list if not equal to 0. If < 0, then no
links are allowed to be modified; if > 0, then
all links are allowed to be modified.

COMDLY 1 1 Intership.communications time-delay (seconds).

Time at which the first target detection takes
FDETM 31 7 place by each of ISTOP ships; used to trigger

subsequent TEWA events.

TEDLY I l Time delay from first target detection to
earliest possible weapon assignment (seconds).

MTHRT 255 63 Target threat number list, made up and used
within the TEWA routine.

VAC 2 2 Vital Area Center position coordinates (X, Y).

Range squared threshold values used to
THRES 4 4 determine the range parameter of a target's

threat number.

Notes:

I1 I_S I~~~~~~~~~~~.
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Common block name TIMCHK Sizes: Full 60 , Reduced 60

Parameter Dimensions
Name Full I Red Description

60 The tolerance, by event type, within which the
time of a scheduled event must agree with a
designated time in order for the former to be

canceled from the calendar by routine CANCEL.
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Sizes: Full 515 , Reduced 131

Parameter Dimensions

Name Full Red. Description

The time delay between the decision to abort
ABRTM 1 1 a launched missile and the occurrence of the

abort.

ASGNTM 255 63 The assignment time of a guidance channel's
._________ _______ currently held assignment.

End of play time computed by the simulation

program. If there are no parasites, ENDTIM is

equal to ENDGTM (see common block TARGET). If

ENDTIM I 1 there are parasites, when time ENDGTM is
reached a check is made to see if there are

active parasites remaining. If there are,

ENDTIM is equal to the latest impact time; if

there are not, ENDTIM is ENDGTM.

GAMTMX 1 1 End of play time specified on the game
parameter card.

RELTM 255 63 The release time of a guidance channel from
its currently held assignment.

TEWADT 1 1 The time between successive TEWA events for
a ship group.

TINF I I Variable representing a time of positive
___________ ________ infinity (arbitrarily assigned a value of 1020)
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For the radar surveillance/radar tracking version only:

Common block name TRACK , Sizes: Full 1323 , Reduced 1323

Parameter Dimensions

Name Full Red. Description

_____ _____ ___A -
I

ITRACK (63,7) (63,7) Status of tracks for up to JTMAX targets carried
by up to ISMAX ships.

TRKTIM (63,7,2) (63,7,2) Initial and most recent detection/update times

for up to JTMAX target tracks carried by up to
ISMAX ships.
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Fig. 5-Distribution of bioluminescence in the Barents Sea
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concentration of this unknown substance is too low, no luciferase is synthesized and the
bacterial cell maintains only a barely detectable glow. In the open sea, the concentration of
luminous bacteria is too low to maintain a sufficiently high concentration of inducer
molecule to permit luciferase synthesis. Consequently, in the open sea one would not ex-
pect luminescence due to luminous bacteria.

Some of the observations plotted here have not appeared in the literature. These have
been personally reported to the author by reliable observers. In all such cases, the visual
description provided was verified to ascertain that bioluminescence was seen and not re-
flected light or iridescence. In many of these cases the observation was substantiated by
examination of captured luminous organisms or a portion of a recording from a bathy-
photometer.

Finally, the author made bioluminescence observations on five cruises for the Naval
Research Laboratory aboard the R/V MIZAR or R/V HAYES. The tracks of these cruises
are shown on the maps. The tracks have been fortuitous, not planned to give a systematic
survey or to study waters with known high occurrences of bioluminescence. Surface plank-
ton tows were made twice a night, approximately one hour after sunset and two hours
before sunrise along the cruise track, using a 50-cm plankton net with 35-micron mesh pore
size. Tows were carried out for 15 minutes at a speed of two knots. Altogether 169 tows
were made and examined for the presence of luminous organisms. In only one of these tows
was no luminescence found.

Portions of the plankton catches were placed in a photometer [designed and built by
Mitchell and Hastings (1971)] in a darkroom on board ship and their spontaneous flashing
recorded using a Hewlett-Packard 7101 BM high-speed strip-chart recorder. Flashes were
bright and numerous, although it must be pointed out that many organisms were probably
excited or injured in the process of collection. A typical pattern is shown in Fig. 1. Some
catches contained so much luminescence that it was almost possible to read by them.

Bathyphotometer lowerings were made to as deep as 200m at several points on three of
the cruises. The bathyphotometer used was a pressurized version of the one designed by
Seliger, et al. (1962), with a modified pump and connected to a Sanborn Model 299 high-
speed strip-chart recorder. Luminescence was recorded on every lowering, with the greatest
number of flashes occurring near the surface. Typical flash patterns at various depths are
shown in Fig. 2.

Several maps show a low incidence of luminescence. This dearth does not necessarily
mean that luminescence in these areas was lacking, but only that no observers were present
or made a report. For comparison, the maps prepared by Staples (1966) are herein re-
produced.

RESULTS

Atlantic Ocean and Related Seas (Figs. 3 through 7)

Luminous organisms of all groups were collected throughout this region in the past
decade. Euphausiids and dinoflagellates were especially abundant. Luminous dinoflagel-
lates were observed in large numbers in the Gulf of Mexico, the South Atlantic off the coast
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of Brazil, the Caribbean and the Barents Seas, and along the coasts of the United States,
western Scotland, Norway, and the Crimean peninsula. Along the Texas, west Florida,
Maine, Scotland, and Norway coasts, various species of luminous dinoflagellates were the
major organisms in red tides. In Oyster Bay near Falmouth, Jamaica, and Bahia Phos-
phorescente and Puerto Mosquito, Puerto Rico, luminous dinoflagellates were found perma-
nently in large concentrations. Thus, these three bays have often been called "luminous
bays." In the late 1960's and early 1970's, the dinoflagellate population of Oyster Bay
underwent a catastrophic decrease. The causes of this decrease are unknown but are
probably related to man-made disturbances on shore. Although for several years it was
thought that the bay had "died," the author observed high levels of luminescence in Oyster
Bay in 1976, and was then informed that luminescence appeared to be returning slowly.
Seasonally, dinoflagellates have been collected all year around and red tides generally have
occurred in late spring and early autumn.

Like dinoflagellates, euphausiids have been collected from almost all of the areas
shown in the maps. They were especially common in the Barents Sea and off the west coast
of Scotland, and were somewhat sparse in the Mediterranean and near Iceland. In the
author's collections, euphausiids occur more frequently than do dinoflagellates.

Other luminous organisms have appeared locally in large numbers. The Barents Sea has
been reported rich in luminous copepods, and the author found them abundant in the west-
ern Mediterranean as well. The salp Pyrosoma is common in the eastern Mediterranean. In
the heavily oil-polluted waters along the coast of Venezuela and around Trinidad, most of
the plankton taken from the author's nets were dead. One of the few surviving organisms
was a luminous shrimp of the genus Lucifer. Luminous coelenterates have been sporadically
collected.

Pacific Ocean and Adjacent Seas (Figs. 8 through 13)

In the past decade too few observations of bioluminescence were made to establish any
kind of distributional pattern for luminous organisms in the Pacific area. As in the Atlantic,
luminous dinoflagellates were widespread, being among the most common dinoflagellates in
the red tides near Los Angeles and on the Inland Sea of Japan. The author observed lumi-
nous dinoflagellate blooms near Madang, Papua New Guinea, and collected large numbers
of them off the Pacific coast of Central America and northeast of Hawaii. Likewise, eu-
phausiids were widely distributed. These were reported abundant off the coast of central
California, and the author collected them all along the route on cruises from Japan to
American Samoa via Papua New Guinea, and from Panama to Hawaii. They were especially
abundant off the coast of Panama and near Papua New Guinea. Luminous ostracods were
abundant near Tokyo Bay, Japan, Palau and Yap Islands, and Madang, Papua New Guinea.
The author collected abundant luminous ctenophores south of Honshu and in the Solomon
Sea. The squid Watasenia scintillans created displays on the north coast of Honshu.

Indian Ocean (Figs. 14 and 15)

The International Indian Ocean Expedition provided data on that area during the
period from 1959 to 1965. The scientists involved were not primarily concerned with bio-
luminescence, but an analysis of known luminous species from their distributional reports
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for various planktonic groups has shown luminous organisms to occur throughout. As ex-
pected, luminous dinoflagellates and euphausiids were the most widespread and numerous.
Luminous copepods were also widely distributed, while luminous salps commonly occurred
around South Africa and chaetognaths in the Arabian Sea.

Plankton Tows on NRL Cruises

Out of 169 tows, bioluminescence was found in all but one. The exception was a tow
made between Iceland and Greenland in August, when the night was only a few hours long.
In the remaining samples, euphausiid shrimp, dinoflagellates, and copepods were the most
common luminous organisms found. A partial analysis of the frequency of occurrence of
common luminous organisms found is shown in Fig. 16. The random nature of the cruise
tracks indicates that we might expect to find one or more of these luminous organisms at or
near the surface practically everywhere in the sea.

DISCUSSION

Naval Interest

Naval interest in bioluminescence centers around its use as a tool for detecting moving
objects at night. If we were confined to using only luminescence visible to the human eye
for this purpose, its usefulness would be very limited. However, luminescence invisible to
the human eye can be detected using a LLLII. Even LLLII's have limits, as in the case
where moonlight reflected from the sea surface tends to mask bioluminescence by decreas-
ing the contrast between the luminescent area and the background. A promising approach
to lessening the influence of moonlight and also to lowering the limit of detectability is to
use a digital image memory processor in connection with the LLLII. The capabilities of this
method are described by Mengers (1977). Even the best detectors finally encounter the
limits posed by the biologies of the various luminous organisms, the physical characteristics
of the emitted light, and the biochemistry of their luminescent reactions.

Biological and Physiological Characteristics

Two factors determine the potential visibility of an object in luminescent waters: the
concentration of organisms present and the intensity of their emitted light. A given con-
centration of a bright organism might create an easily visible display, whereas an equal con-
centration of a dimmer organism might be seen only with difficulty, if at all. Our ability to
use marine bioluminescence as a detection method thus depends on knowing the distribu-
tion of various luminescent organisms. Unfortunately, our knowledge of this area is in-
adequate, for there have been few scientific cruises measuring luminescence in the ocean and
collecting luminous organisms. Most observations of luminescence at sea do not identify the
organisms present. Seasonal and depth distributions also require study, for luminous orga-
nisms are known to migrate vertically and seasonally, and to increase in numbers during
certain seasons.

Also important in determining the brightness of a display is the intensity of the stimu-
lus. Some organisms respond to a stimulus with a flash of maximum intensity, provided

6
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that the stimulus is greater than some minimum threshold value which differs for different
species. Other organisms grade the intensity of their response to the intensity of the stimu-
lus. In either case, repeated stimuli cause repeated responses until fatigue sets in, after
which no response is given to any stimulus until time has been provided for recovery. As
fatigue gradually sets in, subsequent responses diminish in intensity compared to earlier re-
sponses. The rapidity of this intensity decrease, the number of responses before fatigue
occurs, and the length of time needed for recovery differ for various species.

Finally, whether or not an organism responds to photic stimulation is important in
determining the area of response. An organism which gives a luminous response to flashes
of light creates an area of display considerably larger than the area of disturbance, because
organisms near the area of disturbance, even though undisturbed themselves, respond to the
light emitted by the disturbed organisms and, in turn, trigger those still further away to emit
also. The visibility of a display depends on its area. Among the organisms that respond to
photic stimulation are ostracods, dinoflagellates, coelenterates, ctenophores, and salps.

Physical Characteristics

It was shown above that the intensity of light emitted by an organism is important in
determining the visibility of a display. Table 1 lists the intensities of emitted light for many
of the known luminous marine organisms. Unfortunately, these intensities were measured
by different observers and expressed in a variety of units. No attempt is here made to trans-
form all intensities into a common set of units. Even so, one can see that the range of in-
tensities is large. Table 1 also shows the emission wavelengths of many species; as can be
seen, most luminous marine organisms emit light in the blue-green region. This means that
an image intensifier maximizes light enhancement and minimizes noise if it employs a
phototube with a peak response in this region. Gating could also be used to eliminate
wavelengths outside the range of interest. However, since the identity of the luminous orga-
nisms present in a given area is not always known, a narrow gate could create a sampling
bias.

Comprehension and Reliability of the Maps

Previous studies have looked primarily at visible displays of bioluminescence in the
ocean. This report is concerned not only with visible displays, but also with the general
distribution of luminous organisms. The development of LLLII's, which extend our ability
to detect luminous displays invisible to the unaided human eye, makes this approach valid.
Thus, while this report is more comprehensive than previous ones, it covers a much smaller
time span-only from 1966 to the present-while earlier reports covered all observations up
to 1966.

This report shares one bias with earlier reports. That is, most of the observations
shown depended on the casual presence of an observer. Consequently, infrequently
travelled areas show few or no observations, while heavily travelled regions show many.
Therefore the number of observations in a given area cannot be taken as an indication of the
relative frequency of occurrence at that location, nor can the maps be used to extrapolate or
predict occurrences.
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OCCURRENCE AND DISTRIBUTION OF SURFACE
BIOLUMINESCENCE IN THE OCEANS DURING

1966 THROUGH 1977

INTRODUCTION

Bioluminescence is the emission of light by living organisms. Although the best known
example is the firefly, many other creatures also luminesce. These are found on land, in
fresh water, or in salt water, but the greatest number and diversity are found in salt water.
It has been estimated that in the deep ocean, where sunlight never penetrates, possibly 70%
of the species and 90% of the individuals are luminous. Luminescence in the sea is-not con-
fined to the depths, for not only do some luminous species migrate to near the surface at
night, but there are also many other luminous species living near the surface or in shallow
water.

When luminescent organisms congregate near the surface in sufficiently large numbers,
luminous displays occur. These displays can be classified into several categories according to
their appearance. First is white water or milky seas, in which a large area of ocean, fre-
quently from horizon to horizon, appears as a sheet of steadily glowing light. Smaller
patches of ocean may also appear to be luminous. These patches may seem to contract and
expand, to glow steadily, or to glow intermittently. Sometimes they seem to travel at high
speeds until out of sight. Finally, large areas of ocean may sparkle with rapidly scintillating
point sources of light. These types of displays occur without apparent stimulation of lumi-
nescence on the part of the observer.

Luminous displays of the above character are sufficiently striking and uncommon that
when they are observed they are usually reported. Rarer and even more spectacular displays
exist, however. One of these is undulating waves of light, in which rapidly moving bands of
light alternating with bands of darkness appear to travel from horizon to horizon. A second
rare display is the phosphorescent wheel, in which alternating arms of light and darkness
appear to rotate around a central point, similar to a fireworks pinwheel. Sometimes several
wheels can be seen simultaneously. Finally bubbles of luminescence occasionally are seen.
These are balls of light which appear to rise from the depths and burst against the sea sur-
face.

In spite of the spectacular nature of these bioluminescence displays, in no case are the
causes known. No chemical or physical studies of the sea water or atmosphere at the sur-
face have been made during a display. Few organisms have been collected during one. Most
of the observations have been made by seamen or travellers, not scientists. Many of the
observers have been members of the U.S. Navy. These observations, along with other wide-
spread reports, have created a long-standing interest in bioluminescence in the Navy.
Furthermore, the Navy's interest goes beyond displays. A luminous display can occur only

Manuscript submitted February 8, 1978.

1



RICHARD V. LYNCH III

where there is a sufficiently large concentration of luminous organisms to emit light visible
to the naked eye. Such large concentrations are uncommon. However, luminous organisms
are common in the ocean and, when disturbed, will emit light that can be detected using
instruments. The most common instruments used for this purpose are bathyphotometers
and low light level image intensifiers (LLLII's).

Bathyphotometers are of two kinds: passive and active. Passive bathyphotometers
consist of one or more photocells exposed unshielded to the ocean. They record any spon-
taneous bioluminescence within their field of view, and also any other light in the water,
such as sunlight or moonlight penetrating from above. An active bathyphotometer consists
of a photocell looking into an enclosed, shielded chamber. Sea water containing organisms
is pumped into the chamber, and the turbulence so generated stimulates any luminous
organisms present to flash or glow. This active process is advantageous in that it does not
record extraneous light, but disadvantageous in that only small weak-swimming organisms
pass into the chamber. Neither kind of bathyphotometer, by itself, can be used to identify
the bioluminescent organisms whose light they record.

LLLII's are among the newest tools for detecting bioluminescence in the field. De-
veloped from the Starlight Scope first used in Vietnam, their technology has been improved
in less than a decade until now they can enhance light intensity by up to a factor of
100,000. A LLLII customarily consists of a closed-circuit television camera and lens, a TV
monitor, and a video tape recorder. The TV camera includes an image-intensification tube.
The greatest enhancement can currently be achieved using a modified silicon intensified-
target tube called an ISIT. Earlier models used an ordinary camera coupled to a starlight
scope, or a secondary electron conduction (SEC) vidicon tube. A LLLII system of this
nature is described by Roithmayr (1970) and Roithmayr and Wittmann (1972). This sys-
tem has been mounted in an airplane and used to detect schools of commercial fish moving
through areas containing luminous plankton in the Gulf of Mexico, the Gulf of Maine, off
the coast of Southern California, and near Aberdeen, Scotland (F. Wittmann, personal com-
munication). Results of these tests and pictures of fish schools taken at night are presented
in Roithmayr (1970), (1971), Drennan (1969), (1971), and Stevenson (1975). In addition,
an identical system has been used off the coast of Southwest Africa to detect fish schools
for commercial fishermen. These results can be seen in Cram (1972), (1973), (1974), and
Cram and Hampton (1976).

Luminous marine organisms have achieved varying degrees of control over their lumi-
nescence. At one end of the scale are luminous bacteria, which have no control over their
luminescence and which glow continuously. At the other end are fish and squids, which
have achieved nearly complete purposeful control. In between are most of the luminous
planktonic organisms, which automatically respond to certain kinds of external stimulation
by luminescing. In the laboratory, many luminous marine organisms can be stimulated to
emit light by chemical, electrical, mechanical, or photic means. At sea, luminous displays
are most commonly stimulated mechanically or photically. Ships moving through water
containing luminous organisms are a frequent cause of mechanically stimulated displays.
The turbulence caused by the ship's passage causes glowing bow waves and wakes. The
glowing wakes often extend a distance equal to several times the ship's length. Rough sur-
face conditions and moving schools of fish are other common causes of mechanically stimu-
lated displays. Photically stimulated displays can be triggered by shining a lantern or flash-
light briefly into the water. When this is done large areas of water often flash in response.
Furthermore, if organisms in one area are mechanically disturbed until they flash, organisms

2
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outside the area of initial disturbance frequently flash in response to that light, thereby
greatly extending the luminescent area.

Congregations of luminous organisms occur more frequently in some places and sea-
sons than in others. However, there have been few systematic studies of this variability.
The distribution and occurrence of luminous displays have been discussed by several
authors: [Kalle (1960), Staples (1966), Turner (1965), (1966), Verploegh (1968)]. Since
1966 our knowledge of the biology, physiology and biochemistry of various species of lumi-
nous marine organisms has grown considerably. Some of these advances, along with several
recent observations of displays, are outlined by Herring (1976b). This report attempts to
update the reports of Staples and Turner, to map reports of the occurrence of luminous
organisms in areas where no displays have been reported, and to present data gathered on
five cruises by the Naval Research Laboratory on the distribution and occurrence of lumi-
nescence in the ocean.

MATERIALS AND METHODS

The data in this paper on the occurrence and distribution of bioluminescence at sea
since 1966 are presented as points on a series of maps. Each point represents at least one
observation at that geographic location. An observation is considered to be either the sight-
ing of luminescence in the water by eye or by a LLLII, the detection of bioluminescence
near the surface by a bathyphotometer lowered into the water, or the catching and identifi-
cation of known luminous organisms by plankton tows.

The majority of observations were gleaned from a literature search of papers published
during or after 1966. While it is impossible to acknowledge each observation plotted on the
map, every paper from which an observation was taken is listed in the bibliography. An
attempt has been made to present the data seasonally. Any reports too vague to allow de-
termination of the season have been omitted, with the exception of Indian Ocean reports
for the northeast monsoon. Reports of luminescence during the northeast monsoon have
been arbitrarily placed during January or February, unless the exact date was mentioned,
even though the monsoon period covers December as well. Reports of luminescence at-
tributed to fish, cephalopods, and benthic organisms have been deliberately omitted on the
grounds that these organisms do not contribute to displays of the type to be detected using
a LLLII. Two exceptions are hereby noted. The squid Watasenia scintillans at certain times
of the year appears off the north coast of Honshu, Japan, in large enough numbers to cause
displays. Second, the teleost fish Photoblepharon and Anomalops found in the Red Sea,
Indian Ocean, and South Pacific, school near the surface and create displays. Displays due
to these three organisms have been mapped.

Colonies of luminous bacteria have been isolated from sea water from many locations
and grown on plates. Luminous bacteria have long been suspected of causing displays,
especially when the light glows steadily. However, no display has been specifically shown to
be due to luminous bacteria. In spite of the widespread occurrence of luminous bacteria in
the ocean, and the suspicion that they cause displays, no locations at which only luminous
bacteria were reported have been included on the maps. It has been shown [Nealson, Platt
and Hastings (1970), Nealson, Eberhard and Hastings (1972), Eberhard (1972)] that lumi-
nous bacteria release into their surroundings a substance that induces the synthesis of
luciferase. Fairly high concentrations are necessary to induce synthesis. When the
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Systematic studies have been undertaken in two regions-the Indian Ocean, as part of
the International Indian Ocean Expedition, and the Barents Sea. Unfortunately, the sci-
entists involved in these studies were not concerned with bioluminescence as such, but were
simply looking at the distribution of various planktonic organisms. Nevertheless, the maps
covering these regions (Figs. 5, 12, and 14) show that bioluminescent organisms occurred
throughout both areas and in the Indian Ocean throughout the year as well. If such systematic
studies were performed in other oceans, it is likely that similar results could be expected.

CONCLUSIONS

The reported observations of bioluminescence and bioluminescent organisms have been
largely the result of chance. The location of sampling sites has been largely a matter of op-
portunity. But even from these facts, it can be seen that luminescence is extremely wide-
spread. Dinoflagellates and euphausiids appear to be the most widely distributed causative
organisms. The current development of LLLII's permits luminescence to be detected even
when it is not visible to the naked eye. This new tool has the potential for greatly increasing
the information to be derived from temporal and areal studies, and, when airborne, provides
an opportunity for rapid synoptic observations.
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the filter is given by the modified Householder transform previously described, and the terms
are rearranged to obtain a more desirable form. This completes the filter operation except for
forming the smoothed estimate and the covariance if desired from the transformed state and
the covariance factors.

SUMMARY
The SRIF filter is a numerical means of solving the Kalman-filter equations. In this

report the SRIF filter was modified to accommodateLDL factorizations of the covariances rather
that the usual LL factorizations. This factorization required that the Householder algorithm be
modified and required a small manipulation of the results after transforming. Under a special
case the prediction process was shown to be quite simple using the LDL' factorization.

The reason for investigating the SRIF titer using LDL' factorizations was to try to elim-
inate the square-root operations found in the SRIF filter. Although the square-root operations
using LDL' factorization now do not appear in the prewhitening process, they still are necessary
in the modified Householder algorithm. Consequently the results are not as strong as was first
hoped for. An interesting result does occur in the use of a fading memory: Only the diagonal
elements D of the LDL' factorization need be weighted rather than the entire covariance
matrix.
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A MODIFIED SRIF FILTER
USING LDL FACTORIZATIONS

INTRODUCTION

The problem of estimating a set of parameters or variables from a set of measurements
has long been of interest. Kalman in the early sixties provided a simple recursive estimation
procedures by introducing the concept of state and state transition. This procedure in some
instances provided simpler implementation than batching techniques. Since Kalman's work a
number of numerical procedures have been developed. An excellent account of these pro-
cedures as well as historical notes can be found in Bierman's book [1]. Two basic techniques
described in Ref. I are the square-root information filter (SRIF filter) and the UDU filter
(where UDU should actually be UDU', with U being an upper triangular matrix and D being a
diagonal matrix). In both cases the data are prewhitened using Cholesky factorization. The
SRIF filter is then based on the Householder transform. The UDU filter is based on a Chole-
sky factorization of the smoothed covariance update using one measurement at a time and the
modified Gram Schmidt for updating the predicted covariance. These numerical techniques are
claimed to have better numerical stability than direct use of the Kalman filter equations and
may be more amenable to hardware implementation.

In Ref. I the SRIF filter described used a Cholesky factorization of the covariance matrix
of the form of a triangular matrix times the transpose of the same triangular matrix. This
report is concerned with reformulating the SRIF filter in terms of a Cholesky factorization of
the covariance matrix using a triangular matrix times a diagonal matrix times the transpose of
the same triangular matrix, where the diagonal elements of the triangular matrix are 1. The
reason for changing the factorization is to attempt to remove some of the square-root opera-
tions.

The following section briefly reviews the Kalman filter. The SRIF filter is next derived
using the alternate factorization. The properties of a modified Householder algorithm which are
necessary for the SRIF-filter mechanization are shown. The prediction process is shown for the
case of no process noise, and an exponential time weighting into the past is incorporated.
Finally the entire algorithm is written out and examined.

MODIFIED SRIF FILTER
The SRIF filter is a numerical method of implementing the Kalman filter [1]. The Kal-

man filter is obtained from modeling the process as state equations, defining a measurement
procedure, and best-estimating the states of the systems. The state equation and measurement
process are defined as

X(k) = 4D(k) X(k - 1) + r(k) W(k)
and

Xm(k) = H(k) X(k) + V(k),

Manuscript submitted February 28, 1978.
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where it is desired to best-estimate the n-by-I state vector X(k). The remaining quantities are
n-by-n state transition matrix 4>(k), an n-by-p matrix r(k), an m-by-n measurement matrix
H(k), and an m-by-l measurement vector XM(k), with W(k) and V(k) being Gaussian noises
with the following properties:

El W(k) ] = O.

El W(k) W'03) = S(k) 8kl

EJV(k)] - O.

EJV(k) wdJ)] = Q(k) 8/jk

and

E|W(k) V(i); =0,
in which

aiLk = I when j = k and 0 otherwise.

The covariance matrices S(k) and Q(k) are of dimension p by p and m by m, respectively.

The best estimate of X(k), denoted by X(k) in the standard Kalman-filter format, is

Xk) = iXk) + K(k) 1XM(k) - H1(k) (k)]. (1)

where K(k) is the filter gain, given by

K(k) = P(k) HUik) Q-'(k). (2)

In equation (2) P(k) is the smoothed covariance matrix, given by

P-1(k) = 5-1 (k) + H'(k) Q-'(k) H(k). (3)

In equation (3) P(k) is the predicted covariance matrix, with

P(k + 9= 44k + 1) P(k) 4'(k + I) + r(k + 1)
S(k + 1) r'(k + 1). (4)

The prediction is

i(k + 1) = 4(k + 1) X(k). (5)

The filter operates in a predict-and-correct fashion. This suggests the following simple deriva-
tion.

Equation (1) is the least-square estimate between the prediction and the measurement at
the kth sample, which is obtained by minimizing the cost function

J(k) = [X(k) - X(k)]' VrM(k)jl(k) - X(k)]

+ IXAI(kj - HX(k)] Q-l(k) Xt,/(k) - HX(k)1 (6)

with respect to X(k). The value of X(k) which minimizes X(k), denoted by 1(k), is the best
estimate of X(k) and is given in equations (I) through (3). When the best estimate of Xik)

2
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is given, the best prediction is simply equation (5) with the covariance of (4). The process is
then simply repeated recursively with equations (4) and (5) being the prediction and equations
(1) through (3) being the correction.

The SRIF filter is a means of implementing the Kalman filter which depends heavily on
Cholsky decomposition and the Householder matrix triangulation algorithm 11]. The Cholsky
decomposition is performed on a symmetric positive-definite matrix by factoring it to the pro-
duct of a lower triangular matrix L and its transpose:

Q = L L'

and

Q-1 = (L')-' L-l.

The algorithm for obtaining L, found in Ref. 1, is

tjj =1> j = 1, n-1,
e*, = qkj1t, k =j + 1, ..., n,

and

qik = qik -1U , k =j + 1.. n and i = k, ..., n.

In this report the LDL' factorization described in Ref. I is used to construct the SRIF-
like filter rather than using the L L' factorization. The algorithm for obtaining the LDL' fac-
torization is

Q = L D L'

and

Q-1 = (L')-' D-l L-1,

where

L=, j= 1,..., n--1,
di = qi,

1ki = qkildj. k =1 + . ,
and

qjk = q& -I4/idi. k = j + 1, ..., n and i = k, ..., n.

The matrix L is lower triangular in form and has diagonal elements of 1. The matrix D is a
diagonal matrix with diagonal elements of di.

The derivation of a SRIF filter using the LDL' factorization proceeds as follows. The cost
function in equation (6) can be written as

I = (X - XY A ' ARD -X) + (x,- Hx)'
(L')-I DM' L-'(XM - HX). (7)

3
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where the k denoting sample number has been dropped for notational convenience, P'(k) is
factored into A D A', and Q(k) is factored into L DM L' (so that Qtk) - (L')- DQ' L-').
Equation (7) can be rewritten as

J = (2 - A'X)' 5(2 - 'Z) + (ZM - HWX)' DM'(ZM - HwX). (8)

where

2 - A'X,

ZM - L-XM,

and

Hw -H

Equation (8) can be rewritten more

) = |j H I X -

compactly as

IZ1 I D V v i J1 1 R
ZM| J DM [ He|

With the notation

D = lo Do- |

the cost function is unaltered if an orthogonal transform T, where T'D T = D, is multiplied by
the new resulting vector in equation (9). Consquently use of

I HwI

A,
ZM]

in J = C' D C yields the same cost as

) = C'T'D T C.

In addition, if T, which is a n-plus-m square matrix, is chosen such that

T I | t1 = | ']

and

the cost then becomes

J = ('X -2)' 13(R'X - Z) + e'D,' e.

By inspection the least-square estimate of X is

kJ = Z or = )

(10)

(11)

(12)

(13)

4

A, (9)
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the minimum value of the cost J is e'Dm'e, and the smoothed covariance is P(k) = R'D R.
For simplification equation (10) is augmented to equation (11) yielding

(14)

Later it will be shown that the smoothed covariance factor R does not have all l's on the diago-
nal elements as the factors R and L did. This can be modified by relating the factors k and D
to new factors R and D, where A has diagonal elements of 1. This can be shown by rewriting
the cost of equation (12) as

i = (X - X)' D I?' (X - ) + e'Dm1 e.

Since the smoothed covariance can be rewritten
tion can be rewritten with either way unaltered.
example

as P = R D RK' or P = R D R, the cost func-
The relation can be found by noting the 2-by-2

[ r2 1 r22 J [01 a2 o I 22I

which can be rewritten as

1 J[0t 02 0 d 1 r2 l1 r1 1

1

(15)

I

Combining terms in equation (15) yields

f

1

r 2 1/TI I ?II1

d, 1 21

0

F21/1Fl

d2r2] 0

(16)

This is the desired factored form A D A'. The algorithm can easily be generalized to yield

da = di ,d2, i = 1, ..., n,

and

F= bfil/Th i = i/..n.

The least-square estimate of kin equation (13)
the form

I is given by R'X = Z, which is also altered into

R'X= Z.

By example again, equation (13) can be written as

I F F22 I I X|= I -2 |

5

(18)

(17)

T I fi' 2 1 = I j�' �e�jHw Zm 0
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which can be written as

IFII O 1 I

wi0 i 221 0b
which in turn can be rewritten as

(19)I ''1 1 lr 21 [ IJ lT21

Equation (19) is the desired form (18), where

hpj = F,1, i = 1, ... , n. (20)

As a summary of the preceding results, the transform T is applied to the augmented
matrix equation (14) and the desired factored form is obtained by applying equation (16), (17),
and (20). We next consider how the matrix transform T which triangulates a matrix with the
property T D'T - D is obtained.

MODIFIED HOUSEHOLDER TRANSFORM

The elementary Householder transform given in Ref. I is obtained as follows. Let the vec-
tor Uibe normal to the plane Uj. An arbitrary vector Ycan be represented by

Y =(Y'[J) 0 + v, (21)

where d = USAl-fU and V is that part of Y that is orthogonal to U.
denoted by Y,, in the plane Uj is

Y.= -(Yf )Li + V

The reflection of Y.

(22)

and is represented in Fig. 1. Eliminating Vfrom equations (21) and (22) yields

Yr = Y-2 U U) U = (I-f3 UU') Y = TY,

Y,- Y

(23)

Ui

I- -- ( Vt) I] f4 ~ -(YU) U

Fig. I - Geometry of the Householder algorithm

6

U

I I

i

i
i

-i-

T2 IIT II _� I I

921 = Iz- 11
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where /3 is defined as /3 = 2/U' DU. The matrix T is an elementary Householder transform
with properties T = T' and T2 = I, and it can be shown to triangulate a matrix.

To obtain the desired results required in the previous section, the dot products of equa-
tion (23) are modified by a diagonal matrix D to yield

Y.= Y-2(D U) U = (I - BUUD) Y = TY. (24)

Four properties are given and proved. Property I is

T'= T (T is symmetric).

Since, from equation (35),

T'=(CI - UU'D)'

= I- D'UU')

= (I - )3DUU'),

the proof that T' = Trequires showing that DUU' = UU'D. If DUU'= UUD, then

U'(DUU')U= U'(UU'D)U

or

(U'DU) (U'U) =(U'U) (U'DU),
which is an identity. QED.

Property 2 is

T'DT= D.

Since

T'DT= (I - /3UU'D)' D (I - pUU'D)
=(- 3DUU') D (I - UU'D)

= (D - /DUU'D) (I - SU'D)
= D - 2,3DUU'D + 32 DUU'DUU'D

= D - 21DU[LU'D - (3/2) U'DUU'D],
the proof requires showing that

U'D - (0/2) U'DUU'D= 0
or that

U'D 2 'U' 
2(U'DU)

or that

U'DUU'D - U'DUU'D =0,
which is an identity. QED.

7
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To express properties 3 and 4, the following notation is introduced:

di 0 0I-TTTY ~ ~ B~ 0d2 o of =-V d7 I iwhere D -= I - °
10 0 0 dn

and

[it I

in which

=1 Yi + a,

113 = Y31
and

Po r 3 ys.

Property 3 is

O 2 1 
U'DU djoau,'

which is proven by writing

2

U'DU
2

(y, + o-P di + 

2

2y~ad, + a2d, - I7 ?a± 2s + ... + Y~'dJ,
2

2ylo-d, + a 2d1 + akd1

I I

=d1a~(y1+ a)~ dau 1

QED,

Property 4 is

YrTY= - Yrl I i:.
{Yi

8
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The proof is as follows. From equation (35)

TY- Y-2 ( Y U) U
U'DU

|Y,(Y, + )d, +y2d2 + . . d. ] U

d 1aru,

y- (ylud 1 + az2dj) U
djo-ul

Y (y1+ a') 
U U

= y - U
Yi Yi + a,

..i ] .. [TI
YN YNO

QED. We will use

TY =-Y + 2 (PYDU) U
U'DU

such that

TY = I

so as to have the convenience of postive diagonal elements in the resulting triangularized
matrix. Properties 3 and 4 can be used to triangulate a matrix by applying them on successive
columns of the matrix.

The following example illustrates the use of the algorithm:

a11 a1 2 a13 [a 1 b 12 b13
021 a22 a 2 3 O b22 b23a3l a32 a33 = 0 b32 b33

a4l a42 a43 ° b 42 b 43

where

all +a1]

U = a2l
a3+
a4l

(r, sgn alV>(a j2,dl' + a 22d2 + a ' d3 + a421d4/dj,

9
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and

bij =-a) + B3yuu, =1, ..., 3 and i = 1, ...4,
in which

dirul
and

y7j = aljul + a 2ju 2 + a 2,U 2 + a3 ,u 3 + a4 ,U4.

The process is repeated for each successive submatnx. The next step is

1 b12 b13 a, b12 b613
I 0 0 b22 b23 0 0' 2 C23

0 T 2 j0 b32 b331 0 0 C33
° b42 b43 0 0 c43

where

b22 +a
U= b32

b42

ar2 = sgn (b22) ./(b2' 2d 2 + b 2 d3 + fr2dd4 2 ,

and

C = -bl± + p!y2 juj 1 j= 2, 3 and i =2, ... 4,

in which

d 2 a`u1

and

Y2j = b2,u1 + b3jU2 + b4Ju 3.

In summary, it was shown that the modified Householder algorithm meets the require-
ments of the modified SRIF filter (V D T = D, with Ttriangulating the matrix). A simple
means of obtaining the prediction portion of the SRIF filter under an important case is next
considered.

PREDICTION PROCESS

The smoothing portion of the Kalman filter using a modified-SRIF-filter implementation
updates the factorization of the smoothed covariance and the transformed best estimate. it is
desirable to update the prediction process in a commensurable form. Only an important special
case is considered: The process noise W(k) is assumed to be zero, and the state transition
matrix is assumed to be in the upper triangular form. Equation (4) updating the predicted
covariance then becomes

A= ' P 41, (25)

where the noise W(k) is removed and the sample k has been dropped for notational conveni-
ence. The inverse of (25) is taken, yielding

10
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P- -(D')-1PI (26)

The covariances are replaced with their factorizations

A D A,'- (a) AI B Ar' r- 1 ,

which can be rewritten as

A D A = (A r 1 A B(r'A)'

Since (,')- R is of the lower triangular form, then

A = (40- 1 A (27a)

and

D =D, (27b)

which shows the simple form of updating the factors of the prediction covariance.

The predicted state given by

from equation (7) is transformed by

(At') ± = s(A')-' 2,
where X = (A')-' ± and X = (A ')-I Z. Solving for 2 yields

2 = (A') b(At 1-I 2. (28)

Substituting A from (27a) into (28) yields

z = 2.

The transformed smoothed and predicted states are seen to be identical.

Sometimes it is desirable to implement a fading-memory filter by making the smoothed
covariance larger. This is accomplished by rewriting equation (26) as

-6 = (c')-l aP' ¢-1.
The parameter is a scalar representing a time fading by

a = e-ll

where r is the time constant and t is time. Equation (27b) is modified, and equations (27a)
and (27b) now are

A - (')-' A
and

D =5 

and these equations now remain the same under the fading-memory condition.

A functional flow of the filter using the special-case prediction is shown in Fig. 2. The
measurement and measurement matrix are first transformed using the factorization of the
measurement covariance matrix. For zero process noise and upper-triangular-form state transi-
tion matrices, the prediction process is given simply. The transformed predicted and smoothed
states are the same, and the covariances are related by a simple transform. The smoothing on

I1
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Smoothing:

T R? iIHZM j0e

Relate R to R, 2 to Z, and D = D

Fig. 2 - Functional flow of the modified SRIF filter using

LDL factorization and a special-case prediction

12

Prewhiten Measurement:

Q = L DML,

H, _ L-LHland Z = L'1XM

Prediction:

z 2

R= R4C', and I) = -TaSb

Output:

X = R ̀ 2 and
P (A ) bf -R '
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PORT HUENEME, CALIFORNIA 93043

(805) 982-xxxx
AV 360-xxxx

NAME CODE PHONE SPECIALTY

Warren, George E. (Dr.) L-51 4765 Holography; Scattered Light
Photomechanics

4



CNA

CENTER FOR NAVAL ANALYSIS
1401 WILSON BLVD

ARLINGTON, VIRGINIA 22209

(703) 524-9400 + Ext
AV 225-9241 + Ext

CODE PHONE SPECIALTY

Nakhleh, Jamil (Dr.)

Ward, Robert W. (Dr.)

OP-03EG x510

OP-03EG x706

E-O Systems Analysis

E-O Systems Analysis

5



CNM

CHIEF OF NAVAL MATERIAL
NAVAL MATERZAL COMMAND HEADQUARTERS
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Weaponry

2144 Ocean & Atmospheric
Support Technology

2164 Missile Propulsion; Surface
Launched Weapons
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15

5

5

1�1 � I � I

zlnn�� _ I_ 



-- AV 222-xxxr
-- AV 288-xxxx
-- AV 289-xxxx

NAME

Johnson, James R.

Ketchum, James H.

Kimble, C. (LCDR)

Klein, Lonny E.

Kruspe, E. 0.

Luppino, P.

Macaluso, Mariono P.

Malloy, Justin W.

Meth, Martin A.

Noel, William T.

Quinn, Paul W. III

Regelson, Ephraim

Retta, Richard A.

Smith, Edward H.

Smith, H. F.

Skillen, R. L. (CDR)

Tanger, Carl E.

Tarulis, Vytas A.

Thyberg, Robert C.

Vranicar, R.

Wallace, W. T.

Whiting, Webster K.

Willis, J. W.

CODE

533353A

41121A

510E

533352B

5108B1

360D

533324A

03P2

41124

533352A

37OF

4115

52022

534/ESA
7432 (WNY)

53441B

5391

41111A

360E

370

37CE

5333C2

533365C

310B

PHONE

692-1738

756-1400

692-8720

692-1738

692-8678

692-2511

SPECIALTY

Avionics/E-C Imaging

Laser Maintenance

E-0 Recce; EOW

Avionics; Attack Systems

IR Missile; SIDEWINDER

EW

692-1741 A6 Weapons System

692-3022 Advanced Weapons Systems

756-1450 E-0 Maintenance

692-1737 Avionics; Recce Sensors

692-2515 E-0 Surveillance; ESM

756-1327 E-0 Support/Special Projects

692-7640 Technical Support; E-0
Components

433-4508 E-0 GSE; Thermal Imaging
Systems

692-3096 E-0 GSE; SIDEWINDER/CONDOR

433-3452 Photo R&D

756-1465 IR Crew Maintenance

692-2510 CCG; Missiles

692-2511 CCC Weapon; Fire Control

692-1741 E-0 ASW Technology

692-1741 Avionics/Surveillance
Systems

692-0818 Avionics; EW

692-7414 E-0 Research

16
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(202)
(202)

692-xxxx
433-xxxx
756-xxxx
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NAVELEX

NAVAL ELECTRONIC SYSTEMS COMMAND
WASHINGTON, D. C. 20360

(202) 692-XXXX - AV 222-=fl
(202) 436-=XXX - AV 296-XXXX

Code Phone Specialty

Alexion, W. C.

Anderson, CAPT V. F.

Bailey, Donald C.

Bajus, CAPT J. C.

Bucholz, LCDR Roger

Carlson, CDR W. G.

Cronin, G.

Ein, R.

Fratila, R.

Ferreira, David M.

Fowler, RADM E. G.

Gallotta, CAPT A.

Heidler, C. L.

Himbarger, LCDR R.

5402 692-8921 Material Acquisition Director -
E-0 Surveillance (USMC)

PME124 692-1120 Undetsea Surveillance Project
Division

03A

03

692-6411 E-0 R&T

692-6410 R&T Directorate - Deputy
Commander

PME106 692-3793 BEL

PME107-
23

PME107-
514

692-0084 REWSON - AIR IRCM

692-2350 IR Simulators; ENEWS

PME107T 692-0080 REWSON - E-0 Training

310A 692-6096 R&T Directorate - Information
Systems Director

PME107- 436-0080 REWSON - IRST
521

00 692-8480 Material Acquisition Direc-
torate - Deputy Commander

PME107 692-2524 REWSON Project Manager

PME107- 692-3740 REWSON - E-0 Submarines
143

L.

Hollister, CDR F. H.

Horowitz, Norman

Hullander, CDR C.

320

310

692-6416 Data Processing for Undersea
Surveillance

692-6094 R&T Directorate - Deputy
Commander

51014 692-8486 E-0 Engineering Development
and Production, EOTAG (Alt)

PME107-
3

692-2484 REWSON - Director Design to
Price

17

Name



NAVELEX

(202) 692-XXXX - AV
(202) 436-XXXX - AV

Name

Jones, Willie H.

Kain, Joseph

Kauffman, COL T. M.

Koenig, J. A.

Kropf, C. W.

Leavitt, CDR R. H.

Lewis, M. G.

Mathews, CAPT D. R.

Mead, M. C.

Miller, G.

O'Brien, J.

Panella, B. J.

Parker, Mcivor L. Jr.

Pellock, CAPT L.

Powell, Leo T.

Price, Robert C.

Ricketts, John C.

Code

05611

350

540

350A

PME107 -
4

PMF107 -
1

320

PME107-
2

PMIE124-

20T

320A

PME127-
2

PME107-
2A

310

PME1O7-
523

5303

PMF1O 7-

522

310

Phone

692-8486

692-6415

692-8880
692-8928

692-6415

692-2540

692-2531

692-6416

692-2540

692-8776

692-6414

692-2484

692-2388

692-6094

692-3744

692-8461

692-0080

692-6094

18

Specialty

Material Acquisition Direc-
torate - E-O Engineering
Development and Production

EOCM/OWWG

Material Acquisition Direc-
torate - USMC and Amphibious
Director

EOCM

REWSON - Director Intelligence
Systems Division

REWSON - Director Submarines,
Reconnaissance, Special Optics,
Special Operations

R&T Directorate - F.O. Cables

REWSON - Director AIR REWSON

Data Processing Displays -
F.D. Cables

R&T Directorate - Undersea
Surveillance Director

REWSON - Design-to-Price IRSS

REWSON - Deputy Director AIR
REWSON

E-0 Communications

REWSON - Assistant Director
Shipboard EOW Systems

TV Systems Design and Procure-
ment

REWSON - Reconnaissance/
Intelligence/Special Optics/
Imaging

E-0 Surveillance (USMC)

222-XXXX
296-XXXX



NAVELEX

(202) 692-XXXX - AV
(202) 436-XXXX - AV

Phone

222-XXXX
29 6-XXXX

Specialty

Rigdon, Carl A.

Ritter, Albert D.

Robinson, 0. C. Jr.

Smith, RADM G.

Stender, Walter M.

Sumney, Larry W.

30422 692-6090 R&T Directorate - E-0
Technology Display/Training
Device, EOTAG (Alt)

PME107- 692-0080 REWSON - Head EO/IR, Systems
52

5101

Branch (Air, Submarine,
Surface)

692-8486 Material Acquistion Direc-
torate - E-0 Engineering
Development and Production

PME107 692-2524 Vice Commander Naval Elec-
tronics; E-0 Council

50424 692-8921 Material Acquisition Direc-
torate - E-0 Surveillance
(USMC)

3042

Van Sickle, CAPT J. R. 510

Wall, A. J. PME107-
523

692-8741 Head, Solid State/Special
Device Technology

692-8481 Material Acquisition Direc-
torate - Telecommunications
Director

692-0080 REWSON - Multi-Spectral
Sensors, Warning Devices,
EOCM, Fiber Optics, IRCM

Withrow, CAPT J. PME107- 692-3744 REWSON - Director Shipboard
5 EOW Systems

Youngblood, Dr. W. A. PME107A 692-2525 Deputy REWSON Project Manager

19

Code



NAVSEA

NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C. 20362

(202) 692-xxxx
AV 222-xxxx

NAME

Apted, George (CDR)

Austin, E. C.

Bachkosky, J. M.

Curry, E. E.

Eisenberger, E.

Halligan, Frank J.

Jasperse, R.

Luning, Alfred 0.

Marcus, Stanley R.

Noonan, B. (Dr.)

Organ, J. W. (CAPT)

Owen, D. M.

Prikals, Peteris
Riscili, George A.

Ryan, F. N.

Rule, F. G.

Sandt, C.

Sharn, C. F. (Dr.)

Skolnick, A. (CAPT)

Smith, R. L.

Steed, Willie L.

CODE

65313

65312E

PMS-405B

PMS-404

Pm5-405-423

PMS-395A-44

PMS-404

P1S-303

03B

PMS-40525

034

PMS-4046

PMS-404

6543

653G

6532

PMS-4045

0313

PMS-405

654

001

PHONE SPECIALTY

1834 MK-68 E-0

1838 Guns/Launchers

5692 HEL/DPM

7293 Radar

5825 HEL; T&E Safety Engineer

3921 Optics; Submarines

7293 Acquisition Systems

6407 Weapons/Fire Control
Systems

9539 Deputy Commander for Research;
Technology Directorate &
Technical Director; E-O
Council Representative

8642 HEL; Fuels

9765 Electromagnetic & Acoustic
Division; E-C Council

2111 NATO SEA SPARROW

7242 ASMD

0666 Guided Missile Launcher
System

1161 ME 92

1850 Gun Fire Control (Assistant
Director)

7295 ASMD Missile Systems

9767 E-O R&T

5691 EEL Project Manager

3852 E-C Development Coordinator

1576 STILO

20



NAME

Stoesell, A. L.

Tasaka, Toshio

(202) 692-xxxx
AV 222-xxxx

CODE PHONE

PMS-40530 5626

03415 9761

SPECIALTY

HEL/APM

E-0 R&T

21
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NCSL

NAVAL COASTAL SYSTEMS LABORATORY

PANAMA CITY, FLORIDA 32401

(904) 234-4481
AV 436-4481

NAME CODE PHONE SPECIALTY

Larrimore, Herbert 731 4481 Optics, Lasers, Photometry,
EOTAG

22



NESTED

NAVAL ELECTRONICS SYSTEMS
TEST AND EVALUATION DETACHMENT
PATUXENT RIVER, MARYLAND 20670

(301) 863-3512 + Ext.
AV 356-3512 + Ext.

NAME

Abell, Edwin L.

Ocker, Edward H.

Ranta, Marvin J.
Roberts, Philip V.
Yohman, Daniel J.

CODE

023

023

023

023

023

PHONE

241/242

241/242

241/242

241/242

241/242

SPECIALTY

Electronic Visual Systems

Electronic Visual Systems
Electronic Visual Systems
Electronic Visual Systems
Electronic Visual Systems

23
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NIC

NAVAL INTELLIGENCE COMMAND
HOFFMAN BUILDING

ALEXANDRIA, VIRGINIA 22331

(202) 69-XXXXX
AV 22-XXXXX

NAME CODE PHONE

Dunsmore, Alan 0I 72070 EOTAG Representative

24

SPECIALTY



NISC

NAVAL INTELLIGENCE SUPPORT CENTER
WASHINGTON, D.C. 20390

(202) 325-xxxx
AV 221-xxxx

CODE PHONE SPECIALTY

Cobleigh, Arthur G., Jr.

Field, Clarence E., Jr.

Nelson, Robert F., Jr.

Reeves, Charles

Ortmann, Dean A. (CAPT)

5343

53

70

9447

9540

9447

E-0 Intelligence; EOTAG

Head, Electronics
Division

Head, Electro-Optics
Branch

70 763-2141 E-O Intelligence

50 9100 Head, Electromagnetic
Systems

25

NAME



NMRDC

NAVAL MEDICAL RESEARCH AND DEVELOPMENT COMMAND
N1ATIOXAL NAVAL MEDICAL CENTER

BETHESDA, MARYLAND 20014

(301) 295-xxxx
AV 295-xxxx

CODE PHONE SPECIALTY

Postow, E. (Dr.) 43 1140 Biological Effects

26
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NORDA

NAVAL OCEAN RESEARCH AND DEVELOPMENT ACTIVITY
NSTL STATION, MISSISSIPPI 39529

(601) 683-xxxx
AV 485-xxxx

NAME

Bright, D.

Ferer, K.

Guagliardo, J.

Holland, R.

Holyer, R.

Ketchum, D.

La Violette, P.

CODE

302

351

335

351

335

332

331

Pressman, A. 335

Ruffin, B. 302

Tooma, S. 332

PHONE SPECIALTY

4720 Water Penetration by Lasers

4712 Fiber Optics

4864 Laser Remote Sensing
(Atmospheric & Subsurface)
Non-Linear Optics; Laser
Spectroscopy

4743 Fiber Optics

4864 Satellite Remote Sensing
and Image Enhancement

4810 E-0 Measurement of Sea Ice

4864 E-O Odeanographic
Applications

4864 Satellite Analysis;
Environmental/Intelligence

4608 Optical Character
Recognition

4810 E-O Measurement of Sea Ice

27



NOSC

NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CALIFORNIA 92152

(714) 225-XXXX
AV 933-XXXX

NAME

Albares, D.J.

Alley, W.T.

Allgaier, G.R.

Altman, D.E.

Anderson, R.D.

Arrington, D.C.

Baechtold, R.D.

Bocker, R.P.

Borough, C.K.

Bromley, K.

Brown, F.R.

Bryant, J.F.

Cassaboom, J.A.

Caspers, H.H.

Catano, P.S.

Celto, J.E.

Chandler, G.F.

Chagnon, A.E.

Clawson, A.R.

Dahike, W.J.

Davenport, E.W.

CODE PHONE SPECIALTY

811 6641 Integrated Optical Circuits
and Fiber Optics

9253 6877 LSG Photo Instrumentation

8242 7777 E-O Sub-to-Air'Optical
Communications

811 6641 Power Supplies for Metal
Vapor Sources

811 7975 Underwater Technology & Systems

9221 6591 IR Detector Measurements

8246 6477 Display Systems

811 6641 Optical Signal Processing,
Coherent/Incoherent

7313 7720 Obstacle Avoidance Systems

811 6641 Optical Signal Processing,
Coherent/Incoherent

311 6641 Electronic Circuitry for
Integrated Optical Circuits

8341 2717 Fiber Optics, Radiation Effects

8343 7494 Integrated Optical Circuits

9225 6951 Lum Material

7313 7200 Digital Processing for
Optical Systems

811 7975 Pulse Laser, Coding, Power
Supplies

8247 6762 Display Systems

8143 7351 Program Manager

9222 6591 IR Materials

8246 7055 Display Devices

8231 7372 Visual Display

28



NOSC

(714) 225-XXXX
AV 933-XXXX

NAME

Davies, K.E.

Davis, N.M.

Dejka, W.J.

Dillard, G.M.

Dosher, G.H.

Eastley, R.A.

Eddington, D.C.

Eisenman, W.L.

Ferrer, J.N.

Fletcher, P.C.

Floren, E.E.

Gabriel, C.J.

Garrett, R.A.

Geller, M.

Gomez, A.D.

Hale, K.F.

Harris, L.G.

Holma, G.M.

Howarth, R.F.

Hyde, M.E.

Johnston, R.E.

Kataoka, R.W.

Katzman, M.

Kiendra, R.M.

Kochanski, R.J.

Krautwald, R.A.

CODE PHONE SPECIALTY

811 7975 Electronic/Mechanical Servos
and Controls

9223 6591 Optical Sensors

9102 2493 Digital Systems

8242 6258 POISSON Processed Detection

734 7372 Visual Display

811 6641 Fiber Optic Underwater Cables,
IR Signatures

8221 6774 Signal Processing, Digital
Systems, Computer Networks

9221 6591 IR Detector Measurements

7313 7720 Optical Coatings

015 7036 E-O Technology, Lasers

7313 7200 Obstacle Avoidance Systems

9225 6591 IR Materials

8233 6542 Bio-Medical Applications

811 7975 Metal Vapor Sources

8246 6650 Display Devices

8246 7547 Display Systems/Devices

8235 6476 Display Devices

9242 7295 Optical Digital Circuit Design

811 6641 Underwater Systems Design

811 6641 Optical Design

9231 2752 CCD Measurement

8233 6542 Medical Applications

8212 6100 Surveillance/Reconnaissance

8234 6541 Display Systems/Devices

8341 7570 Fiber Optic Systems

811 7975 Packaging
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NOSC

(714) 225-XXXX
AV 933-XXXX

NAME

Lagnado, I.

Laughlin, R.E.

Law, R.L.

Lewis, W.G.

Lile, D.L.

Louie, A.C.

Marcus, D.h.

Marez, J.

Marlin, H.R.

Martin, F.C.

Meador, T.A.

Meana, G.M.

Meiners, L.G.

Merriam, J.D.

Messick, L.J.

Metcalf, T.W.

Miller, S.A.

Milroy, W.E.

Monahan, M.A.

Mooradian, G.C.

Morin, R.J.

Morreal, J.A.

Munn, R.E.

Nagy, J.W.

CODE PHONE SPECIALTY

9251 6877 CCD Measurements

8246 7535 Display Systems, Devices

7313 7200 TV Display Technology

8232 7372 Visual Display

9224 6591 IR Detectors

811 6641 E-0 Tracker, CCU Camera

8342 7494 Fiber Optics, Data
Transmission

8235 6284 Display Devices, Liquid
Crystal

9221 6591 IR Detector Measurements

732 2773 Imaging

8342 7570 Fiber Optic Systems

811 7942 CCD Technology

9222 6591 Instrumentation

9221 6591 IR Detector

9224 6591 Device Physics

7313 7264 Fiber Optics Sub-Systems

9225 6591 IR Lasers

3100 7333 Display Systems, Devices

811 6641 Optical Signal Processing,
Coherent/Incoherent

811 7975 Optical Communications,
Signal Processing

8245 7545 Display Devices, Liquid
Crystals

7313 7200 E-0 Surveillance

7313 7944 E-O Tracker, Pyroelectric
Sensors

17 7326 Surveillance Threat Analysis

30



NOSC

(714) 225-XXXX
AV 933-XXXX

NAME

Pappert, R.A.

Pavlopoulos, T.G.

Powers, K.J.

Putnam, W.H.

Rast, H.E.

Richards, W.E.

Reed, R.C.

Robinson, W.R.

Rhode, J.B.

Ruth, L.A.

Sabeh, R.

Schade, W.J.

Schimitschek, E.J.

Schumacher, E.R.

Silva, J.

Soltan, P.

Stang, R.T.

Stephens, D.H.

Stevens, I.

Stierwalt, D.L.

Stotts, L.B.

Symanski, J.J.

Taylor, H.F.

CODE PHONE SPECIALTY

5324 7677 Specialist in Waveguide
Propagation

811 6641 Circuits/Integrated Optical
Circuits

631 6871 OPs Analysis for Surface
Surveillanee

811 6641 IR Signatures, Fiber Optics

811 7975 Lum Materials, Fiber Optic
Testing

811 7831 E-O Technology & Systems,
EOTAG

8342 6823 E-O Systems Test Equipment

8235 7047 Display Devices

8344 6148 E-O Systems Test Equipment

811 7975 Underwater Technology
Packaging

8234 7372 Visual Display

7313 7740 IR Lasers, Countermeasures

811 7975 Liquid Lasers, Blue-Green
Technology

811 6641 Optical Fabrication

823 7531 Bio-Medical Application

811 6641 Display Technology

8124 7351 Fiber Optics

811 7050 Obstacle Avoidance Systems

8233 6542 Bio-Medical Applications

9221 6591 IR Materials

811 6641 Holographic Storage,
Integrated Optical Circuits

811 6515 Fiber Optics

811 6641 Fiber Optics, Integrated
Optical Circuits
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NOSC

(714) 225-XXXX
AV 933-XXXX

NAME

Taylor, M.J.

Trias, J.A.

Walker, R.L.

Wieder, h.H.

Weinrich, W.C.

White, C.T.

Whitman, W.D.

Wildermuth, J.H.

Zaeschmar, G.

Zeisse, C.R.

CODE

811

811

7322

922

7313

8223

7313

8341

9225

9224

PHONE

6641

7975

7566

6591

7200

6677

7200

7570

6591

6591

SPECIALTY

Integrated Optical Circuits,
Fiber Optics
Dye Lasers

E-O Intelligence Systems

LED Materials

FUR

Vision, Bio-Medical
Applications
LLLTV, FUR

Integrated Optical Circuits
LED Measurements

Device Physics
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NOSC
Bay Side

NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CALIFORNIA 92132

(714) 225-XXXX
AV 933-XXXX

NAME

Buntzen, Rodney M.

Byram, Dr. George W.

Funk, Dr. Clarence J.

Gilbert, Gary D.

Gordon, Dr. Alan

Hammond, Robert R.

Beckman, Paul J.

**Holzschuh, Jack E.

Means, Dr. Robert W.

Ramstedt, Clarence F.

Redfern, John T.

Waltz, Allen R.

**Wilkens, George A.

Whitehouse, Harper J.

CODE

1603B

303

6514

6514

6511

14

6511

6531

408

407

408

6511

6533

408

**Located at Hawaii Laboratory, NUC,

PHONE SPECIALTY

6243 HEL Systems Analysis,
Underwater Optical
Ranging

2391 Optical Correlators

6862 Theoretic Analysis of
Underwater Imaging
Systems

6862 Underwater Applications
of Lasers, EOTAG

7685 Optical Systems Analy-
sis & Performance
Prediction

6243 E-O Systems Analysis

6686 Underwater Optical
Imaging

(808) Pressure Tolerant
254-4404 Electronic Devices

6607 Charge-coupled Devices
in Optical Processing

7876 Optical Ocean Surface
Effects

6613 Fiber Optics and
Communications

6686 Underwater Lights

(808) Underwater Cabling,
254-4433 Including Fiber Optic

Cables

7621 Visual/IR Image
Processing

FPO San Francisco, CA 96615
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NPGS

NAVAL POSTGRADUATE SCHOOL
MONTEREY, CALIFORNIA 93940

(408) 646-XXXX
AV 878-XXXX

NAME

Armstead, Robert L.

Bank, Milton H. II

Riblarz, Oscar

Cooper, Alfred W.

Crittenden, Eugene C. Jr.

Davidson, Kenneth L.

Fairall, C. W.

Fuhs, Allen E.

Houlihan, Thomas

Kalmbach, Sydney H.

Milne, Edmund A.

Powers, John P.

Rodeback, G. Wayne

Schacher, Gordan E.

CODE

6lAr

57 St

57Zi

61Cr

61Ct

5 iDs

61

S7Fu

S9Hm

61Kb

61Mn

52Po

6IRn

6lSq

PHONE

21251
2806

2866

2972

2452/
2806

2855/
2806

2309/
2516

2219/
2806

2958

2586

2848/
2806

2886/
2806

2679/
2156

2185S

2806

2409/
2806

SPECIALTY

Atmosphere Propagation

Aircraft Vulnerability;
Structural Response

HEL; Kinetics; Thermal
Blooming

Laser-Plasma Production;

Atmospheric Propagation

Atmospheric Propagation

Optical Propagation,
Atmospheric Turbulence

Atmospheric Turbulence

HEL; Thermal Blooming
in Transonic Slewing

Atmospheric Turbulence
and Laser Propagation

Atmospheric Propagation

Atmospheric Propagation

Laser Communications,
Holography; Light-Sound
Interactions

Atmospheric Propagation

Atmospheric Turbulence
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NRL

NAVAL RESEARCH LABORATORY
WASHINGTON, D. C. 20375

(202) 767-XXXX
AV 297-XXXX

NAME

Achter, Dr. Meyer R.

Aitken, Dr. A. H.

Ali, Dr. A. W.

Anderson, Dr. G. W.

Aviles, Dr. J.

Barbe, Dr. David F.

Bartoe, J-D. F.

Bartoli, Dr. Filbert J.

Becher, Dr. P. F.

Birks, L. S.

Blanc, Theodore V.

Blodgett, Dr. Jerry A.

Bradford, James N.

Breuckner, G. E.

Brown, Dr. C. M.

Brown, R. Bernard

Bucaro, Dr. J. A.

CODE

6336

1408

PHONE

3345

3726

6700.1 3762

5262

6650

5260

7142B

5554

6362

6680

8320

5535

5570

7142

7146B

5564

8133

2534

3222

2408

2015

32761
3612

3310

2154/
2549

2278/
3317

3674

2057

3287

3578

2276

3336

SPECIALTY

Combustion Effects;
Advanced Structural
Material

Thermal Blooming,
Theory Atmospheric
Transmission; E-O CM/
CCM Coordinator

UV/X-ray Laser Optics -

Coherent Optics

Solid State Imaging

Theory Atmospheric
Transmission

CCD, Solid State
Imaging

LLLTV, E-0 Detectors

Laser Effects; Harden-
ing

Laser Window Materials

Diagnosis of Laser In-
duced Plasma Emissions

Meteorology - Atmos-
pheric Optics

Holography, Optics

Short Pulse Lasers,
Optics

Solar Physics (Vidi-
cons, Photography)

UV Spectroscopy

HEL Subsystems

Absorption Scattering
in Glass

35



(202) 767-XXXX
AV 297-XXKX

CODE PHONE SPECIALTY

Burns, Dr. William K.

Carruthers, Dr. George

Carter, Dr. William H.

Champagne, L.

Chaskelis, H. H.

Chubb, Dr. T. A.

Curcio, Joseph A.

Daspit, Frank A.

Davey, Dr. J. E.

Davis, Dr. C. M.

Denningham, Robert L.

DelGrosso, Dr. V. A.

DeRosa, J. L.

Dixon, Robert H.

Djeu, Dr. Nicholas

Dowling, Dr. James A.

Drummeter, Dr. Louis F.

Easton, R.

Eckardt, R. C.

5507

7123

5531C

5540

8431

3298

2764

3408

2813

3613

7120.0 3580

5560

5536

5210

8130

5552

3006

2276

2524

2491

2729

8420.1 2696

6415

5530

5540

5567

5501

5535

5554

2319

2826

2255

3007

36811
2847

3674

3535

Integrated Optics

Imaging Devices;*Elec-
tronbgraphic Cameras

E-N Field Theory and
Coherance

Electric Discharge
Lasers

Underwater Schleiren
Photography
Solar Physics (TV,
Imaging Devices)

Field Radiometry;
Atmospheric Optics

E-O Systems; Radi-
ometry

Solid State Imaging

Opto-Acoustics

Optical Warfare, Laser
Effects

Modulation Transfer
Function in Water

Laser System Design

Optical Plasma Diag-
nostics

Gas Lasers

Propagation and
Spectroscopy

*Optics, *E-O Admini-
stration

Photography, Holo-
graphy

Fast Pulse Laser
Systems

36
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NAME



NRL

(202) 767-XXXX
AV 297-XXXX

NAME

Elliot, J. D.

Esterowitz, Dr. Leon

Elton, Dr. R. C.

Faust, Dr. Walter L.

Fluhr, Fredrick R.

Fox, Dr. R. B.

Friedman, Daniel

Gandy, Dr. Harold W.

Giallorenzi, Dr. Thomas

Giuliani, John F.

Goldberg, Dr. Lawrence

Goodell, Dr. William

Grieg, Dr. J. R.

CODE

8310

5554

5504EL

PHONE

2176

3237

2754

5504.4 2499

5508

6120

5553

7905

5514

5540

5570

5553

6763

2955

2130

3689

72830

3209

2255

3009

2115

2705

SPECIALTY

IR Radiation from
Ocean; Acting

Laser Effects, EOCM

*X-ray Lasers, Laser
Interactions

Laser Spectroscopy;
Short Pulse Lasers

Optical Engineering;
Gas Dynamic Lasers

Laser Hardening

EOCM/Systems; IR
Seekers

E-O Systems, Laser
Physics Program Status

*Integrated Optics;
*Non-Linear Optics

Laser Effects

Non-Linear Optics,
Tunable Laser

EOCM, E-O Systems

Spectroscopic Diagnos-
tics

Haas, Dr. M.

Hall, George L.

Hanley, Dr. S. T.

Hansen, Dr. R. J.

Harvey, Dr. A. B.

5232

5508

5567

8441

6110

Harvey, George L. 1409

Heemstra, F. W. 8405

2260 Laser Window Materials

2955 HEL Subsystems

3007 HEL Physics

2904 Laser Velocimeters

3340 Chemical Lasers,
Molecular Spectroscopy

3272/3 EOTPO/Foreign Techno-
logy; IR Propagation

72463 Optical Instrumentation
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NAME

Hettche, Dr. L. R.

Hicks, C. T.

Holmes, J. C.

Horton, R.

Howard, Dr. R. A.

Hughes, R. G.

Jeck, R.

Johnson, Charles Y.

Jones, Dr. W. W.

Kabler, Dr. M. N.

Kaplan, Dr. Ray

Kershenstein, Dr. John

Kervitsky, J.

Knestrick, G. Lloyd

Kohler, C. R.

Koomen, M. J.

Kreplin, R. W.

Kruer, Melvin R.

Lee, Dr. Tong Nyong

(202) 767-XXXX
AV 297-XXXX

CODE PHONE

6300

7120.4

7127.1

5567

7141H

8132

8323

7127.01

7750

5580

5234

1409

7123.3

5552

5742.3

7141

7125.0

SPECIALTY

2926 Pulse Laser Effects

2506 LLLTV

2513 Sensors, UV Photometry
and Imaging

3007 Optical Propagation

3137 Solar Physics (Vidi-
cons; Photography)

2492 Flash Lamps (Metal Ion
Doping)

2437/6 Atmospheric Propaga-
tion - Aerosols

3329 Sensors, UV Photometry
and Imaging

3214 Spectroscopic Diagnos-
tics of UV Lasers

2223 *Optical Memories -
*Optical Materials

3414 Magneto-Optics

3045 EOTPO, Laser Physics,
HEL Mirrors and Windows

2764 Photocathode and Imaging
Devices

3347 Radiometry; Laser
Effects

5936 RF/IRCM

3529 Solar Physics (Vidi-
cons, Photography)

2603/ X-ray UV Detectors
3180

5554 3276

5530 3299

Laser Effects

Laser Produced Plasma;
X-ray Instrumentation
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NRL

NAME

Lessoff, H.

Lin, Dr. M. C.

Loughmiller, C. M.

MacCallum, Dr. John M.

May, Dr. Thomas H.

McDonald, Dr, J. R.

McLean, E. A.

McMahon, John M.

McNutt, Dr. Douglas P.

Mellman, Stephen

Meredith, E. A.

Milton, Dr. A. Fenner

Moore, Dr. W. J.

Moroz, S. A.

Nagel, D.

Nash, G. E.

Neubauer, Dr. W.

Ngai, Dr. K. L.

Nicolas, K. R.

Opal, C. B.

Pablo, Manuel R.

(202) 767-XXXX
AV 297-XXXX

CODE PHONE

5220

6110

5309

1409

5531M

6110

6731

5520

7122.0

7044

5751

5504MI

5275

5753

6682

6490

8132

5277

7142N

7123.1

1409

3096

3686

2228

3045

3281

73686

2728/30

2730

2749

2635

3495

3237

3261/
2594

3495

2154/
2549

2741

2283

2594

2517

2764

3799

SPECIALTY

Laser Window Materials

Chemical Lasers

Computer Simulation

EOTPO, E-O Systems,
E-0 Administration

E-0 Systems Analysis

Dye Lasers

E-O Photography, Inter-
ferometry

Solid and Gas Laser
Design

IR Astronomy; Radiometry

Optical Communications

RF/IRCM

E-0 Systems, Fiber
Optics, Integrated
Optics

IR Detectors

RF/IRCM, IR Seekers

Diagnosis of Laser In-
duced Plasma Emissions

Theoretical Modeling of
Thermal Response

Schleiren Photography-
Acoustic Waves

Electron-Phonon Inter-
action

Solar UV Spectroscopy

LLLTV, Imaging Devices

EOTPO, E-O Systems and
Analysis, E-O Data Base
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NAME

Palik, Dr. Edward D.

Palumbo, Dr. Louis J.

Patterson, R. B.

Patten, Dr. Raymond A.

Pechacek, Dr. R. A.

Rabin, Dr. H.

Reintjes, Dr. J.

Rice, R. W.

Ripin, B. R.

Rosenstock, Dr. H. B.

Royt, Dr. Terry R.

Ruskin, R. E.

Sanford, Dr. R. J.

Schindler, Dr. Albert

Schriempf, Dr. 3. Thomas

Schwartz, Dr. J. W.

Searles, Dr. Stuart K.

Sheridan, Dr. James P.

Shivanandan, K.

Sigel, Dr. G. H.

(202) 767-XXXX
AV 297-XXXX

CODE PHONE

5230

5540

8422

5530

6763

7000

5520

6360

6732

6404

5570

8320

8431

6000

6330

7005

5540

5570

7122.1

5584

3896

2028

2171

3049

2077

2964

3299

3548

2730

2225

2057

2436

3384

3566

2602

2051

2255

3100106

2749

2870

SPECZALTY

Surface Optical Effects
Laser Interactions/
Analysis
Optical Instrumentation
Optical Intelligence,
Applied Optics, ONWG

Plasma Heating by Laser
Radiation
NME Administration,

Non-Linear Optics
Fast Pulse Laser Systems
IR Domes, Laser Windows?
Effects
Laser Produced Plasma
Optical Materials,
Multi-Phonon Processes
Ultra-Short Pulse
Tunable Laser Systems
UV Humidity Measurements

Holography-Stress Anal-
ysis, Photoelasticity
*Material Effects -
Optical Radiation; NRL
Administration
Material Effects, (Pulse
Laser Effects), Optical
Radiation
Optical Communications

Gas Lasers

Liquid Crystals
Helium Cooled Detectors

Fiber Optics
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NRL

(202) 767-XXXX
AV 297-XXXX

NAME

Stamm, Gordon L.

Stamper, Dr. J. A.

Stegman, Richard L.

Steinberg, Dr. Richard A.

Stilwell, Denzil

Sullivan, A. M.

Szuszcswicz, Dr. E. P.

Takken, Dr. Edward H.

Tartanian, C. N.

Teitler, Dr. S.

Tilford, S. G.

Ulrich, Dr. Peter B.

Van Hoosier, M. E.

Wagner, Dr. R. J.

Walsh, Dr. John L.

Watt, Dr. Williams S.

CODE

5534

6730

6333

4109

7914

6384

PHONE

2193

2683

2924

3045

3355

2349

7127.0 2513

5550

7918C

1405

7146

5560

7142V

5275

1409W

5540

3237

2715

2445

2737

3068

3287

2594

3037

3217

SPECIALTY

Field Radiometry

Laser-Produced Plasma

CW/Pulsed Laser Thermal
Responses

EOTPO, E-O Systems
Performance Modeling

Optical Information
Processing

Stressed Metalic Skin
Studies

Sensors, UV Photometry/
Imaging

Optical Propagation,
E-0 Systems

Active/Passive Stabi-
lized TV Systems

Multi-Layer Optics

High Resolution UV
Spectroscopy

Theory-Atmospheric
Propagation

Electrophotography

Far IR Lasers

EOTPO, E-0 Technology
and Systems Analysis

Gas Lasers - Chemical
Lasers
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(202) 767-XXXX
AV 297-XXXX

NAME

Waynant, Dr. Ronald W.

Weinberg, Dr. Donald L.

Weller, Dr. C. S.

Weller, Dr. Joseph F.

Wenzel, Dr. Richard F.

West, Edward J.

Wexler, Dr. B.

Whitney, Wayne T.

Widing, Dr. K. G.

Wieting, Dr. T. J.

Williams, K. G.

Wyman, Paul W.

Young, Dr. F.

Young, J. M.

CODE

5540

5552

7124

5570

6415

5570

5540

5540

7144

6412

8301

5531W

5203

PHONE

2683

3118

2481

3298

2935

2122

2813

2813

2605

2101

2530

3281

2807

7124.3 2513

SPECIALTY

UVt/X-ray Lasers

Laser CM/Effects

UV Spectrometric/
Imaging Devices

Integrated Optics

Laser Damage

Integrated Optics

Laser Physics

Electrical Discharge
Lasers

Solar UV Spectroscopy

Optical Properties of
Materials

Visible Spectrum of
Kelvin Waves

E-0 Systems Analysis

Diagnosis of Laser In-
duced Plasma Emissions

Sensors-UV Spectroscopy/
Imaging
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NSEC

NAVAL SHIP ENGINEERING CENTER
WASHINGTON, DC 20362

(202) 692-xxxx
AV 222-xxxx

CODE PHONE SPECIALTY

Church, James W.

Siahatgar, S.

6114M1

6174F

0304 FLIR; LLLTV

3723 HEL; Laser Radar; IRCM
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NSRDC

NAVAL SHIP RESEARCH AND DEVEWOPMENT CENTER
BETHESDA, MARYLAND 20034

(202) 227-XXXX
AV 287-XXXX

NSRDC, ANNAPOLIS LABORATORY
ANNAPOLIS, MARYLAND 21402

(301) 267-XXKX
AV 281-XXXX

NAME CODE PHONE SPECIALTY

Baker, Francis E.

Burns, Robert H.

Dhir, Dr. S. K.

Dickey, Joseph W.

Friedman, Dr. Seymour

Gann, Jerry D.

Greenberg, Melvin

Griswold, Lyman W.

Hall, Jay

Kline, Ruth E.

Laster, Donald R.

Pearcy, Olin M.

2732

2833

1844

2732

2823

2833

2833

2732

2773

2833

2732

2833

267-2363 LADAR, ASW Applications

267-3527 IRCK, IR Suppression
Designs

227-1426 Holography

267-2768 Holography, Inter-
ferometry, E-O Coordi-
nator, EOTAG

267-2835 Holography

267-2352 Ship IR Detection,
Ship IR Signature
Measurements

267-2461 IRCM, LCM, Spectro-
scopy, Optical Proper-
ties of Surface
Materials

267-2763 Laser Velocimeters,
Interferometry Range
Finders, Underwater
Applications

267-3123 Dye Lasers

267-2352 IR Signatures, IR Pro-
perties of Materials

267-2763 Laser Velocimeters,
Water Turbulence
Measurements

267-2352 IR Atmospheric Attenu-
ation
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NSRDfC

(202)
AV

(301)
AV

NAME

Peterson, Dr. Frank B.

Pendergast, Patrick 0.

Sikora, Jerome P.

Smith, Stephen G.

Tate, Ronald C.

Urbach, Dr. H. B.

Waltman, Donald J.

Weber, Robert A. II

Webster, W. A. III

Whitesel, Henry K.

Wooden, Bruce

CODE

1552

2742

1731

2773

2732

2720

2732

2821

2773

2732

1105

227-XXXX
287 -XXXX
267 -XXXX
2 81 -XXXX

PHONE SPECIALTY

227-1325 Holography

267-2964 Fourier Optics

227-1787 Holography

267-3123 Tunable Dye Lasers

267-2665 Interferometry, Water
Turbulence Instrumen-
tation

267-2348 Fusion, Isotope
Separation

267-2869 Laser Velocimeters,
Water Turbulence
Measurements

267-2160 Welding

267-3123 Tunable Dye Lasers

267-2163 Doppler Laser Veloci-
meter, Range Finders

227-1852 HEL
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NSWC/DL

NAVAL SURFACE WEAPONS CENTER

DARHLREN LABORATORY
DAHLGREN, VIRGINIA 2Y2448

(703) 663-XXXX
AV 249-XXXX

NAME

Arthur, R.J.

Ely, R.I.

Ferris, K.D.

Fontenot, L.J.

Grzegozewski, R.

Hepfer, 5.C. (Dr.)

Holden, R.A.

Horman, S.R.

Roye, W.E.

Lerner, E.M.

McDowell, V.P.

Overman, J.M.

Schmidt, R.L.

Shipp, J.B., III

Simpson, H.L., Jr.

Spicer, W.E.

Taczak, W.J.

Tokar, J.M.

Troyer, D.E.

CODE

G-40

DF-16

DF-14

N-54

N-54

N-54

F-14

N-54

N-54

N-54

N-54

N-54

N-50

N-56

N-54

N-54

N-54

N-54

N-54

PHONE

8002

8026

8661

7101

7281

7101

7497

7332

7333

7101

7104

7283

7101

743i

7101

7509

7332

7509

7331

SPECIALTY

Head, Guided Projectile Div.

CCD Technology

CCD Technology

Head, E-Q Systems Branch,
SEAF1RE Program Manager

E-0 Systems Analyst

E-0 Systems Analyst, EOTAG

Laser Technology

Advanced Warning Techniques

Laser Ordnance Designators

SEAFIRE

E-O CM/OCM

MK 68 EOSS

Head, Weapons Control Div.

MR 68 EOSS

SWOC Missile Patrol Boat
E-O Director

Laser Ordnance Designators

Advanced Warning Technique

SEAFIRE

HEL Technology
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NSWC/WOL

NAVAL SURFACE WEAPONS CENTER
WHITE OAK LABORATORY

SILVER SPRING, MARYLAND 20910

(301) 394-XXXX
AV 290-XXXX

NAME

Adolph, H.G.

Altman, W.P.

Anderson, K.

Andreotti, J.R.

Bell, C.E. (Dr.)

Beyers, R.R.

Bilow, H.J. (Dr.)

Bis, R.F. (Dr.)

Black, G.M.

Blake, G.

Brooks, D.A.

Browning, F.G.

Brundick, H.

Cawley, R.G. (Dr.)

Cook, H.A.

Culpepper, R.M. (Dr.)

Dayhoff, E.S. (Dr.)

Demas, Nit.

DeMoss, W.A.

Dengel, 0.

CODE

WR-ll

CF-46

CA-32

CR-42

CR-42

CA-ll

CA-21

WR-34

CR-34

CA-32

CA-22

CA-33

CA-23

CR-41

CA-22

CA-il

CR-42

CA-23

CA-22

CR-22

Graham, W.J.

Griff, N.

Hardy, M.G.

CF-46

CR-42

CA-11

PHONE

2477

2093

2198

2796

1998

1375

2352

1298

2783

1394

2893

1970

(213) 39

2256

1232

1375

2796

1510

1286

748-4224

SPECIALTY

High Energy Materials
Synthesis & Properties

Laser, Optics

Optical Fuzing

Infrared Countermeasures

Laser Interaction with Media

Missile Systems Vulnerability
Analyst

HEL, Propagation

Sensors, IR Detectors

Laser Illuminators

Fiber Optic Cabling.

HEL, Instrumentation

Optical Fuzing

NPT, Operations (HAC)
31-0711 ext 2025

Heritage/IR Program

AUASAM

HEL Vulnerability Team Leader

Lasers

IR Decoy

NPT, Data Analysis

IR Decoys

1692 Laser Radar/OWWG

2796 HEL, Sensors, Damage Effects

1378 Aero Effects on Laser Damage
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NSWC/WOL

(301) 394-XXXX
AV 290-XXXX

NAME

Harris, E.L. (Dr.)

Hewitt, R.

Hirschman, A.

Houston, B.B. (Dr.)

Hudson, D. (Dr.)

Infosino, C.J. (Dr.)

Jensen, R.E. (Dr.)

Johnson, R.D.

Katz, B.S. (Dr.)

Kessler, B.V. (Dr.)

Kirkpatrick, D.

King, W.L.

Klamm, G.E.

Knutsen, W.N.

Larson, C.W.

Lee, Lester (Dr.)

Maccabee, B.S. (Dr.)

Martin, W.R.

Matlack, D.E.

Matra, J.P., Jr.

McKindra, C.D.

McLeod, G.A.

Peer, C.F.

Petropolous, S.K.

CODE PHONE SPECIALTY

CA-20 1699 Gas Lasers, EOTAG

CA-22 1693 Meteorology Instrumentation

CR-42 2797 Search & Surveillance Systems,
Thermal Imaging, Holography

CR-34 1299 High Speed Civic Conductors
Devices

CF-46 2309 Lasers

CR-42 1974 Optics/Atmospheric Physics

CF-46 2093 Laser Radar

CA-23 DEL, Field Test Manager
(213) 535-4321

CR-42 2796 Atmospheric Physics

CR-42 1998 Lasers

CA-32 2198 Optical Fuzing

CE-13 1533 Optics, Lasers

CA-33 1529 Optical Fuzing

CA-22 1688 EEL, Instrumentation

CR-42 1989 MEL, Guidance & Target
Sensors

CR-22 HEL, Instrumentation

CR-42

CA-23

CR-42

CA-21

CA-ll

CA-22

CA-23

CR-42

748-4791

2779 Laser Interaction with Media

NPT Contract Liaison

1989 Infrared Technology

1941 Missile Structures Analysis

1237 EEL, Vulnerability, Heat
Transfer

1693 HEL, Instrumentation

1319 IR Decoy

2407 Thermal Imaging and
Surveillance
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NSWC/WOL

(301) 394-XXXX
AV 290-XXXX

NAME

Riedl, H.R.

Scharnhorst, K.P. (Dr.)

Schoolar, R.B.

Stimler, M.

CODE

CR-34

CR-34

CR-34

WU-21

PHONE

2774

2783

2783

1563

SPECIALTY

Thermal Imaging

Thermal Imaging

Thermal Imaging

Lasers, Optics, Opto-
Acoustics

Templin, H.A.

Warner, M.L.

Weston, A.E., III

Wilmot, G.

Whitman, E.C. (Dr.)

CR-42

CA-22

CA-22

CR-22

1989

2893

1678

748-2552

CU-20 1715

Optics

HEL, Instrumentation

HEL, Instrumentation

IR Spectroscopy

Image Processing
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NSWSES

NAVAL SHIP WEAPON SYSTEM ENGINEERING STATION
PORT HUENEME, CALIFORNIA 93043

(805) 982-xxxx
AV 360-xxxx

NAME CODE PHONE SPECIALTY

Samojen, T. J.

Shelton, W. L.

Wilson, S. D.

6211

6211

5804

5823

5823

E-0 Weapons (Ships)

E-0 Surveillance and
Detection; TEE (Ships)
E-a Surveillance and
Detection; T&E (Ships>
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NTEC

NAVAL TRAINING EQUIPMENT CENTER
ORLANDO, FLORIDA 32813

(305) 646-xxxx
AV 791-xxxx

CODE PHONE SPECIALTY

Breglia, Denis Robert

Chambers, Walter S.

Derderian, George

Herndon, John W.

Kashork, Edward F.

Kulik, John J.

Maldonato, Eugene D.

Marshall, Albert H.

McKechnie, John C.

Mohon, Windell N.

Oharek, Frank J.

Palmer, Robert G. Sr.

Raffo, Joseph U.

Rodemann, Alfred H.

Rosendahl, Gottfried R.

73 5464

74 4491

73 4609

74 4491

74 4491

73 4609

73 5464

73 5464

73

73

73

211

211

73

4609

5464

4609

4483

4483

5464

73 5464

Holography; Lasers

TV Displays

Lasers; Optics and Displays;
EOTAG

TV Displays

TV Displays

TV Displays

Optics and Displays

Laser/Sensors Training Devices;
Team Leader

TV Displays

Holography and Lasers

Optics/Displays; Team Leader

Optics/Displays

Optics/Displays

Holography and Lasers; Team
Leader; EOTAG Alternate

Optics and Displays; Team
Leader
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NAME



NUSC

NAVAL UNDERWATER SYSTEMS CENTER
NEW LONDON, CONNECTICUT 06320

(203) 442-0771 + Ext
AV 636-XXXX

NAME

Allard, F.C.

Ball, J.R.

Fein, M.O.

Flatley, J.P.

Floyd, C.M.

Free, L.J.

Green, E. (Dr.)

Green, M. (Dr.)

Johnson, C.D.

Middleton, A.W.

Motin, G.N.

Yolley, R.3.

Randall, R.J.

Rasi, R.T.

Replogle, F.S.

Ruhlmann, H.K.

Shajenko, P. (Dr.)

Sheldick, P.S.

Solarz, P.

Stachnik, W.3.

CODE PHONE SPECIALTY

3431 2192 Fiber Optics, Optical System
Design

343 2864 Periscope Optical Test
Equipment & Computer Design

3101 2645 Optical Signal Processing

343 2622 E-O Communication &
Stabilization Systems

3492 2627 Periscope E-O, Laser Detection
Systems

4343 2439 E-0 Shipboard Tests and
Analysis, EOTAG (Alt)

313 2684 Optical Signal Processing

313 2683 Laser TV Systems

4312 2219 Underwater Holography

343 2625 Optical Communication Systems

343 2621 Periscope E-0 Devices, Image
Intensification

343 2350 Submarine E-O, Underwater
Imaging, EOTAG

343 2623 Submarine Photo-Optics

343 2630 Optical Communications,
Receiver Design

343 2620 Underwater Imaging, Periscope
& Atmospheric MTF Assessment

343 2640 Periscope E-0 Interfacing

313 2788 Holography & Laser Transducers

343 2158 Periscope Camera & TV Systems

343 2454 Optical Communications

343 2620 Underwater Optical Systems/
Ocean Science
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NWC

NAVAL WEAPONS CENTER
CHINA LAKE, CALIFORNIA 93555

(714) 939-XXXX
AV 245-XXXX

NAME

Allen, Edward

Allen, Edwin M.

Amundson, Paul H.

Ankeney, D. P.

Archibald, Phillip

Arnold, Phillip G.

Bailey, Ted

Barber, Stephen E.

Bell, Ernest M.

Bennett, Dr. Harold E.

Bennett, Dr. Jean M.

Benton, Dr. E. E.

Bergman, Dr. Truman G.

Billings, John C.

Bird, Richard E.

Blackwell, Raymond

Black, Henry

Bottka, Dr. Nicholas

Bowen, James R.

Bullock, Dr. Cecil Kent

Bumgardner, Jon

Burdick, Dr. D. L.

CODE

32403

3941

0100

31803

3814

394

3924

3630

3635

38101

3818

39401

3151

3343

3311

39043

5515

3819

362

3311

3944

3813

PHONE

7413/
7350

3364

3551

3326

2869/
3832

3528

2851

2630

3361

2869/
3832

2869

3528

3723

3958

3948

2906/
3290

2047

2801

2214

3949

2898/
2970

SPECIALTY

IR Flares

IR Seeker Mech Design

FUR
IR/E-O Systems

Optical Testing

Systems Development
(AGILE)

IRCCM, E-0 Technology

C02 Lasers, IR

Laser Technology

IR Material (Optics)

Interferometer (Optics)

E-a Coordinator, EOTAG

Laser Detection/Ranging

Optical Fuzing

E-0 Fuzes

E-O Systems

Integrated Optics

IR Material, E-0 Material

.IR Optics, Seekers,
Optical Fuzing

C02 Lasers

E-O Receiver CKT Design

IR Detectors

53



ERRATA SHEET

1. This Errata Sheet is intended to assist recipients
of this E-O Directory in submitting additions, deletions
and/or changes to the directory as an aid in publishing
future editions. It is requested that all recipients
review the directory as it pertains to their activity.
Changes should be submitted to:

Naval Research Laboratory
Washington, D.C.
Attention: EOTPO, Code 1409

For convenience this sheet is already self-addressed
on the back.

2. Please include the following additions, deletions,
and/or changes to future editions of the EOTPO
Professional Directory:

Add/Delete/Change:

Signature_

Command/Activity

Phone#

iii



NWC

(714) 939-XXXX
AV 245-XXXX

NAME

Burge, Dennis K.

Burkey, D. C.

Burroughs, Hubert H.

Burt, Warren T.

Bush, John E.

Campbell, Robert W.

Camphausen, Fred R.

Capps, William L.

Cartwright, W. F.

Claunch, Minard W.

Clendennin, W. G.

Cowan, Douglas W.

Crawford, Jack A.

Crisler, John R.

Cunningham, Robert D.

Decker, Dr. Donald L.

Decker, Paul R.

Dettling, Ronald F.

Donovan, Dr. T. M.

Dupuy, Ghester J.

Elliot, Shelden D. Jr.

Erickson, Ronald A.

CODE

3818

40405

3323

3106

3275

31505

3913

3943

0330

3943

390811

31012

395

3341

3951

3818

3175

3275

3818

3321

6022

3175

PHONE

2869/
3832

5429

3030

3583

7220/
7203

3583

2237

2562

2237

3475

3588

2254

3788

3611/12

3247

2596/
3167

7300

2869

3020

2731/
2410

2591

SPECIALTY

Optical Surface Measure-
ments

E-O Trackers (Fire
Control)
E-0 Fuzes

E-0 Systems

Gas Laser Device
Technology

Laser Designators/FLIR
PAVE KNIFE

E-0 Systems Analysis

IR Measurements

IR Seeker Design

IR Measurements

IR Search Sets for ASMD

NOGS

E-0 Systems, TV Tracker

Optical Fuzing
E-0 Systems, WALLEYE

IR Materials (Optics)
Display Image Quality
Measurements

Gas Laser Device
Technology

Detectors, Photoemission
Amorphous Semiconductors

IRCM

Lasers

Target Acquisition
Working Group
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NWC

(714) 939-XXXX
AV 245-XXXX

NAME

Essig, Fred C.

Estrada, A. E.

Fenneman, Dr. D. B.

Finder, William F.

Fisher, Dr. R. E.

Fitzgerald, William C.

Foote, K. R.

Forrester, Howard M.

Fountain, Clifford

Freedman, Robert J.

Freitag, Walter E.

Fujiwara, Ike

Gaar, Augustus G.

Gorrono, B. J.

Goss, Dan A.

Gravelle, Noel D.

Haaland, Sterling

Hall, Floyd S.

Hall, James B.

Handler, Dr. George S.

Harp, Daniel L.

Haugen, L. R.

Helmick, C. N.

Hills, Dr. M. E.

Hillyer, Robert M.

Hintz, Robert T.

CODE

381

3333

3275

6224

39

3941

4543

3341

3625

31408

39012

3157

3621

3150

3331

3344

39012

31505

31408

128

3262

3157

3814

3854

01

3311

PHONE

2970/7 7

2433/24

7220/33

446-3511

2504

3364

7511/21

3064

2047

5219

2508/
2050

3341

3597

3583

2445

3769

2050/
2508

3651

5224

3818

7544

3341

3076

2831

3409

3949

SPECIALTY

Detectors, Spectroscopy

Optical Fuzing

Gas Laser

IR Measurement Analysis

IRSS/IR Seekers

IR Optics

IR Flares

Optical Fuzing

IR

A7E TRAM/Avionics Inte-
gration

E-O Guidance Systems

Laser Technology

IR Engineering

EOT/FLIR

Optical Fuzing

Optical Fuzing

E-O/IRCCM, Seeker
Signal Processing

FLIR

A7E TRAM/Avionics Inte-
gration

IR/EOCM NWC Coordinator

IR Flares

Laser (System Design)

Pyroelectric Imaging

Optical Material
NWC Technical Director

C02 Lasers
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(714) 939-XXXX
AV 245-XXXX

CODE PHONENAME

Hoban, Fay

Hoffman, Herman J.

Holden, B. J.

Holloway, Harry

Holzer, William C.

Hoyem, J. A.

Hueber, Werner G.

Hughes, Dr. Richard S.

Hutcheson, L. D.

Iverson, Myren

Iwamura, Donald C.

Jaeger, Harold L.

Jeffers, Hal R.

Jeffries, Larry

Jenkins, L. E.

Jernigan, James L.

Johansen B.

Jones, Ronald W.

Jones, Thomas K.

Joyner, John W.

King, Thomas F.

Knipe, Dr. Richard

3941

3157

3134

3314

39051

31408

315

3815

3815

33

31503

3312

62201

3941

3125

3815

3156

3153

3941

3941

3314

3852H.

Koch, Albert 3157

3364

3730

2836

28541
3262

5419

2890

3411

2470

2067

3965

6241

3364

3893

2470

3589

3651

2036/
3364

3364

3082

2904/
2832

3341

SPECIALTY

E-0 Seekers (AGILE)

HEL, Optical Trackers

IR Imaging/FLIR

Holographic Elements,
Displays
Optical Fuzing/IR
Missiles

TV/IR Sensor and Display/
Avionics System Inte-
gration

Ant Target Screening/
Laser Radiation Analysis
System

Visual CM/Lasers
Integrated Optics
E-0 Electronic Systems

Laser Designator/Range-
finders

Optical Fuzing
REL

IR Seekers

C02 Lasers/Laser Damage

Laser Technology

Coherent Optics, Lasers
NOGS/P-3 FLIES

IR Measurements

IR Physics/Seeker Design

Optical Fuzing

Laser Spot Trackers
56

NWC

�n



NWC

(714) 939-XXXX
AV 245-XXXX

NAME

Koiner, Carl W.

Kovar, Joseph J.

Krausman, Richard D.

Kummer, Donald D.

Kunz, Kenneth M.

Kvammen, Gary L.

Kyser, Dr. David S.

LaBaw, Kenneth

LaBorde, Ray

Lamb, John W.

Landau, Martin H.

Leet, Henry P.

Leininger, Jack T.

Livingston, David N.

Loftus, Thomas E.

Lowe, Gary D.

Lundstrom, Dr. Eric A.

Macomber, Bennie D.

Mallory, Dr. H. Dean

Markel, Kenneth

McBride, W. R.

McCanless, Dr. William

McKenzie, J. A.

CODE

6237

3153

6221

3941

3311

3921

3813

3314

3331

128

39031

31505

3151

3901

3311

3314

3151

3333

3834

3621

3854

3151

3311

PHONE

6337

3651

6262

2036

3082

2058

2898

3007

2445

3818

2009/
3262

2505

3723

3002

3948

3131

3583

2424

2207/06

3597

2688

3723

3948

SPECIALTY

Optical Tracker Systems
(INSTR)

E-0 Seeker/Missile
Seekers

Optical Tracker (INSTR)

IR Seeker Design/IRCM

Optical Fuzing

Laser Technology

E-0 Materials, IR
Materials, UV Materials

IR, Detectors/Optical
Fuzes

Optical Fuzing

E-0 Missile

AIM-9L Technical
Development

IR, Optics, Radiometry,
Sensors Materials - TTCP

Laser/Joshua Optical
Test Facility

E-O Systems/Modular
Weapons

Optical Fuzing

E-O Fuzes

High Energy Lasers

Optical Fuzing

Detonation Mechanics

IR Seeker Design

UV/IR Materials

HEL Effects

Optical Fuzing
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NWC

(714) 939-XXXX
AV 245-XXXX

NAME

Middlemiss, Edward R.

Mills, John K.

Moore, Ken

Mott, J. G.

Moulton, Marc

Nadler, Dr. Mel

Neal, Conrad L.

Niccum, Edward B.

Nichols, Roy L.

Oldfield, Charles R.

Olsen, Allen L.

Orton, Donald A.

Palmore, Patrick C.

Peoples, J.

Piazza, Donald 3.

Pierce, Russell

Pladson, Magnus K.

Rahn, Dr. John

Ravsten, Milton

Reed, Russell, Jr.

Rehn, Dr. Victor L.

Ritchie, Milton

Roberts, Richard A.

Saitz, Dorothy L.

Scott, M. L.

CODE

3343

3941

3244

31206

3951

3244

0331

3173

3311

3333

38504

3943

39103

013

3341

3660

3815

3621

3270

3813

3615

3943

3943

3815

PHONE

3553

3364

7248

3893

3611/12

7317

2471

3551

3092

2433/24

2603/
2762

2237

2264

3054

3788

3341

3369

2470

3597

7334

2898

2047

2237

2237

2470

SPECIALTY

Optical Fuzing

IR Seeker Evaluation

Lasers, Integrated

Sensors

E-0 Systems, CONDOR

IR Flares, EOCM

EEL

Active Optical Terminal
Homing

Optical Fuzing

IR Materials

JR/EOCM

IR Measurements/Laser
Missiles

Optical Fuzing

Laser Technology

AIM-9/11/G1H

IR

IR Seeker Design

IR Flares, EOCM

E-O, IR, and UV Materi-

als/Modulable Filters

IR

E-O Technology, ASED

IR Measurement Analysis

Laser Technology
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NWC

(714) 939-XXXX
AV 245-XXXX

Seibold, Joseph M.

Shahan, Dale

Shaffer, J. J.

Shawler, Gary L.

Shepheard, John

Silberberg, George

CODE

31501

3542

3818

332

3557

6231E.

Simpson, Carl E. 3943

Smith, M. R.

Smith Stanley T.

Smith, Dr. W. H.

39042

39403

31011

Soileau, M. J.

Stanford, Dr. James L.

Stenger, Mark

Stedman, Robert

Stephens, Larry M.

Sumnicht, Howard I.

Tanaka, W. H.

Teppo, E. A.

Thomas, Virgil

Thompson, B. L.

Thornberry, Jack

Totah, Nadium D.

Turner, George

3818

3818

3944

3311

3314

3943

3151

4044

3943

39043

3620

3615

PHONE

2884

5303

3168

3020

3575

6346

2237

3290

3697

5578/79

2869

3306

3711

3948

2870

2237

3723

5293

2237

2715

3310

3115

SPECIALTY

FLIR

E-O Technology

Optical Components

IR and AO Fuze Systems
Analysis

AIM-9D/G/H

Optical Tracker System
(INSTR and IR Data
Assessment)

Holographic Elements,
Displays

WALLEYE/E-0 Systems

IR Signature Analysis

TV/IR Fire Control/
Avionics (A4-M ARBS)

Optical Material, HEL

UV and IR Material
(Optics)

IRCCM, Signal Processing

TV Tracker

E-O Fuzes

A/C IR Sig Analysis/
Support

IR Radiation

Laser Technology

TV Camera/Trackers

Radiometry Measurements

Laser Weapons/BULLDOG

CONDOR System

Integrated Optics
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NAME

Vanderbeck, John C.

Vanbuskirk, L. G.

Vollmerhausen, R. H.

Wagner, Dan

Walker, Aaron E.

Webster, Dave W.

Webster, Willard P.

Wenzl, Bernard

Wheeler, D. H.

Wilkins, Dr. Lowell H.

Wills, James R.

Wilson, L. A.

Witcher, Donald H.

Woodall, Norm

Woodworth, William H.

Zulkoski, Thomas R.

(714) 939-XXXX
AV 245-XXXX

CODE PHONE

6242

3921

3944

3175

3341

3156

3615

3924

31407

39403

337

3158

3903

3604

3951

3266

6224

2369

3589

3589

3788

3588

3100

3266

5419

3697

3940

3986

2863

3419

3611/12

3381/
3874

SPECIALTY

IR Lasers, Optical
Receivers

E-0 Trackers

IR Plume Simulators

Color Displays

Optical Fuzing

Extreme 1R, LWIR

E-0 Fuzes, IR Detectors

Missile Seekers
TV/TR Sensor and Dis-
play/Avionics System
Integration
JR

Optical Fuzing

A7E/TRAM Avionics Inte-
gration (Optics Tests)

OWWG/ASMDS

AIM-9D/G/H

E-0 Seeker Design
E-0 Fuzes, Lasers
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NWSC

NAVAL WEAPONS SUPPORT CENTER
CRANE, INDIANA 47522

(812) 854-xxxx
AV 482-xxxx

NAME

Benham, Harold L.

Bradley, Gerald S.

Dinerman, Carl E. (Dr.)

Douda, Bernard E. (Dr.)

Hitchcock, Lyman M.

Johnson, Duane M.

Kemp, Jerry L.

Lohkamp, Carl W.

Montgomery, David (Dr.)

Swinson, James A.

Tanner, John E. (Dr.)

Webster, Henry A. (Dr.)

Wildridge, John E.

CODE

3073

502

5042

5042

502

50C3

502

502

502

502

5042

5042

5041

PHONE

1894

1251

1992

1603

1251

1282

1251

1358

1358

1251

1992

1747

1603

SPECIALTY

Detectors, Charge Coupled
Devices

Scattering

IR Sources; ECOM;
Spectroscopy; Radiometry

Infrared Decoys; IR
Seekers; EOTAG

Illumination Engineering

EOCM

Systems Simulation

Target Acquisition; BOCM

Atmospheric Physics;
Aerosol Mechanics

Measurements

Thermodynamics; IR
Radiation

Spectral Measurements;
Kinetics

Target Markers and
Augmentation
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ONR

OFFICE OF NAVAL RESEARCH
800 N. QUINCY STREET

ARLINGTON, VIRGINIA 22217

(202) 692-xxxx
AV 222-xxxx

NAME

Berlincourt, Ted (Dr.)

Condell, William J. (Dr.)

Diness, Arthur (Dr.)

Hargrove, Logan E. (Dr.)

Horwath, Tibor G. (Dr.)

CODE PHONE

420

421

470

421

220T

4212

4220

4325

4222

4712

Lewis, David (Dr.)

Nicolai, Van 0. (Dr.) 421 4219

SPECIALTY

Director, Physical Sciences
Division

Director, Physical Program;
Lasers; E-O; EOTAG

E-O Metallurgy; Ceramics

Modulators; Defectors
Acousto-Optics

Technical Director, Optical
& Electro-Optical Systems& Applications
Electro-Optics; Integrated
Optics; Propagation

Optical Warfare Working
Group; E-0 Systems;
Optically Pumped Solid
State Lasers

O'Hare, John J. (Dr.)

Pilloff, Herschel (Dr.)

Salkovitz, Edward I (Dr.)

Tolcott, Martin A. (Dr.)

Weinberg, Elliott H. (Dr.)

455

421

470

455

400

4507

4221

4407

4506

4101

Engineering Psychology

Lasers and E-O

Director, Material Sciences
Division; Material
Hardening & Damage

Director, Engineering
Psychology Program

Director of Research
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ONR

OFFICE OF NAVAL RESEARCH
BRANCH OFFICE
495 SUMMER STREET

BOSTON, MASSACHUSETTS 02210

(617) 542-5100 + Ext
AV 955-9432 + Ext

NAME CODE PHONE

Quelle, Fred W. (Dr.)

White, Matthew B. (Dr.)

Wood, Albert D.

461

461

461

SPECIALTY

Laser Technology; HEL;
EOTPO

Laser Technology; EOTPO

Gas Dynamic Lasers; Chemical
Lasers
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ONR

OFFICE OF NAVAL RESEARCH
BRANCH OFFICE

536 S. CLARK STREET
CHICAGO, ILLINOIS 60605

(312) 353-6069

NAME

Ivory, John E. (Dr.)

CODE PHONE

6069

SPECIALTY

Laser Technology
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ONR,

OFFICE OF NAVAL RESEARCH
BRANCH OFFICE
715 BROADWAY

NEW YORK, N.Y. 10003

(212) 264-8081

CODE PHONE SPECIALTY

264-8081 E-0 Technology

65

NAME

Rowe, I.



ONR

OFFICE OF NAVAL RESEARCH
BRANCH OFFICE

1030 EAST GREEN STREET
PASADENA, CALIFORNIA 91101

(213) 795-5971

NAME

Behringer, Robert E. (Dr.)

Brandt, Richard G. (Dr.)

Gloye, Eugene E. (Dr.)

Lawson, Robert F.

Marcus, Rudolph S. (Dr.)

Soules, Jack A. (Dr.)

CODE PHONE SPECIALTY

Laser Technology, ECTAG

Integrated Optics

Human Factors, Displays

FUR

Chemical Lasers

Laser Technology
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OPTEVFOR

OPERATIONAL TEST AND EVALUATION FORCE
NAVAL BASE

NORFOLK, VIRGINIA 23511

(804) 444-xxxx
AV 690-xxxx

CODE PHONE SPECIALTY

Colavito, T. J. (CDR)

Gensler, R. L. (LCDR)

Meyer, J. R. (LCDR)

33 5771 Ship Evaltiation; EOTPO
Contact

632

721

5021 EW Test and Evaluation

5076 FLIR/Laser Gun Fire Control
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PMTC

PACIFIC MISSILE TEST CENTER
POINT MUGU, CALIFORNIA 93042

(805]) 982-XXXX
AV 351-XXXX

NAME

Akkerman, Art

Armstrong, E.S.

Baxter, H. Bruce

Bird, Ron (LCDR)

Bittner, Alvah C., Jr.

Blattel, Ray

Bondelid, M. (Dr.)

Bruns, Ronald A.

Burge, Albert R.

Cain, M.

Caselton, L.H.

Castelli, Alex

Chandler, W.E.

Clark, Bruce

Dale, Lewis J.

Dennis, Steven E.

CODE

1232

1153

1232

1230

1226

1232

3143

1226

0160

0141

3324

1233

1245

1233

1234

1233

PRONE SPECIALTY

8504 Laser Measurements, Detectors
Receivers

7481 E-O System Test Bed
Aircraft Installations

8504 Optical Surveillance, E-O
Systems

8988 Optical Countermeasures

8981 Research Psychologist, E-O
Systems/Human Factors

8504 Laser Instrumentation

8904 Optical Instrumentation, E-O
Meteorology, E-O Chairman
Meteorological Group-Range
Commanders Council, Tri-
Service E-O Sensor Atmospheric
Optics Working Group

8981 E-O Guidance/Control,
Displays & Human Factors

9875 ECM Project Manager, E-O
Countermeasures

8847 Telemetry System T&E,
E-O Displays

7491 Threat SimulationjT&E,
EEL Targets

8504 Spectroscopy

7368 E-0 System Evaluation

8504 E-0 Data Processing

8941 E-O Weapon Guidance

8504 IR Warning Receivers
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PMTC

(805) 982-XXXX
AV 351-XXXX

NAME

deViolini, R.

Diehl, Robert C.

Drong, Mike

Dwelle, B.L.

Egli, R.

Engel, J.

Fickenscher, D. (CDR)

Francis, John

Gardner, C.A.

Godwin, Charles L.

Hanssen, J. Scott

Harp, Ray

Harris, Ernest

Herleikson, Arne

Higginbotham, Keith F. (Dr
r

Holloway, H.G.

Jackson, Glenn

Johnson, M.D.

Karney, James L.

Kent, Clarence A.

Kingery, R.W.

CODE

3253

0141

1233

1153

3324

4263

3250

0160

1221

1233

1232

1234

0160

1155

.)1245

1152

4250

1232

1232

1233

1174

PHONE SPECIALTY

8383 E-0 Meteorology, Climatology

8847 E-O Systems, HEL Project
Manager, EOTAG

8504 IR Measurement Systems

8516 IR Flare Production Lot
Acceptance Flight Testing

8487 Threat Simulation/T&E,
HEL Targets

8681 Optical Instrumentation

7893 Geophysics Officer

8975 EWSSE Project Manager

7194 HEL Applications/
Vulnerability Analysis

8504 IR Radiometry/Radiation
Measurement

8504 IR Measurement/Detectors

8941 E-O Guidance & Data Links

8975 EW/ECCM Project Manager

8536 Photogrammetry

7245 HEL Systems Evaluation,
Vulnerability

8516 ATIMS Systems Operator,
Maintenance

8681 Photo Instrumentation

8988 HEL Applications/Visual CM
Analysis/Optical Signatures

8504 Laser, LCM, LIDAR

8504 E-0 Guidance, Simulation,
Scintillation

7393 Photogrammetry, Data
Processing
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PMTC

(S05) 982-XXX
AV 351 -nXX

NAME

Kinghorn, A.C.

Knudsen, Ken C.

Lea, D.

League, R.

Lillehaugen, Lyle E.

Loos, J.

Luttrell, Willie D.

Mark, Richard A.
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1233 8504 E-0 Jammers
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Transmission

2201 7113 B-0 Weapons, EW Systems
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Systems

1232 8504 Laser Designators, Optical
Stabilized Platforms
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1232 8504 Laser Receivers, Data
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3412 7310 Optical Alignments and
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7063 Missile System T&E

7971 Optical Instrumentation

8941 E-O Missile Guidance

8383 E-0 Meteorology,
Atmospheric Physics

7194 E-O Missile Guidance

8516 O/R-HEL Feasibility

8971 Fiber Optics

7828 E-0 Systems Ground Support
Equipment

7236 E-W Engineer, E-O Systems

7379 Airborne Weapons Chief
Engineer

7836 Threat Simulation/TAS
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8504 E-O Systems, Advanced
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SUMMER 1978 DIRECTORY OF NAVY
ELECTRO-OPTICAL PROFESSIONALS

3rd EDITION

INTRODUCTION

This document is a revised edition of the Navy-Wide
Directory of Electro-Optical Professionals compiled under
the auspicies of the Naval Material Command (NAVMAT 08E/
EOTPO). The Navy Electro-Optical Technology Program
Office (EOTPO) is chartered by the Deputy Chief of Naval
Material/Chief of Naval Development (CNM(D)/CND) to serve
as scientific and technical advisor to the CNM on all Navy
electro-optical technology. EOTPO has prepared this revised
directory to facilitate and encourage coordination among
key management and research professional personnel in the
rapidly expanding technology of electro-optics.

The original edition of this directory was published
in July 1974 in two volumes. Volume I listed Navy E-O
professionals, and Volume II provided a preliminary
listing of non-Navy professionals. The current revision
is an update of Volume I. It lists Navy E-O professionals
grouped by Navy Command or Facility. The EOTPO has made
use of its representatives at Naval Commands and Laboratories
in an effort to make this directory complete and accurate.

Reassignments, reorganizations, and retirements will
degrade the accuracy of the directory. An errata sheet has
been included so that recipients may note any changes,
additions, or deletions and forward them to the EOTPO.

Manuscript submitted June 5, 1978.
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Abbreviation

GEL

CNA

CNM

CNO

NAC

NADC

NAPC

NATC

NAVAIR

NAVELEX

NAVSEA

NCSL

NESTED

NIC

NISC

NMRDC

NORDA

Organization

Civilian Engineering Laboratory, Naval
Construction Battallion Center
(name change was: Naval Civil
Engineering Laboratory (NCEL))

Center for Naval Analysis

Chief of Naval Material

Chief of Naval Operations

Naval Avionics Center
(name change was: Naval Avionics
Facility, Indianapolis (NAFI))

Naval Air Development Center

Naval Air Propulsion Center
(name change was: Naval Air
Propulsion Test Center (NAPTC))

Naval Air Test Center

Naval Air Systems Command

Naval Electronic Systems Command

Naval Sea Systems Command

Naval Coastal Systems Laboratory

Naval Electronics Systems Test and
Evaluation Detachment

Naval Intelligence Command

Naval Intelligence Support Center

Naval Medical Research and Development
Center

Naval Ocean Research and Development
Activity
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Abbreviation

NOSC

NOSC Bay Side

NPGS

NRL

NSEC

NSRDC

NSWC/DL

NSWC/WOL

NSWSES

NTEC

NUSC

NWC

NWSC

ONR

OPTEVFOR

PMTC

SSPO

Organization

Naval Ocean Systems Center

Naval Ocean Systems Center
(name change was: Naval Undersea
Center (NUC))

Naval Postgraduate School

Naval Research Laboratory

Naval Ship Engineering Center

Naval Ship Research and Development
Center

Naval Surface Weapons Center,
Dahlgren Laboratory

Naval Surface Weapons Center,
White Oak Laboratory

Naval Ship Weapon System Engineering
Station

Naval Training Equipment Center

Naval Underwater Systems Center

Naval Weapons Center

Naval Weapons Support Center

Office of Naval Research

Operational Test and Evaluation
Force

Pacific Missile Test Center

Strategic Systems Project Office
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Fig. 7 - Comparison of the relative-humidity calculations obtained from
the dry-blub and wet-buld temperature measurements of flight 51 (points)
and the model estimates of relative humidity based only on shipboard
observations (line)
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Fig. 8-Comparison of the absolute-humidity calculations obtained
from the dry-bulb and wet-bulb temperature measurements of flight 51
(points) and the model estimates of the absolute humidity based only
on shipboard observations (line)
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Fig. 9 - Comparison of the model estimates of a relative-humidity pro-
file which predicted a dry upper air layer from surface measurements
made at the time of flight 42 (line) and the kite-balloon measurements of
relative humidity based on dry-bulb and wet-bulb temperatures (points)

Not all predictions are this reassuring however. Figure 10 is a plot of air-temperature
measurement from flight 21 near the Gulf Stream. The air-temperature measurements
(although the most basic and simplest of the measurements to make) seem to give absurd
data. The problem results from the time required for the measurement, that is for the kite
balloon to climb to altitude and then to be reeled back to deck height. Because the before
and after calibration measurements of these data are accurate, the conclusion is that the
atmosphere is changing rapidly. Thus during the 50 minutes required by the kite-balloon
system to climb to maximum altitude and then to be reeled to the surface the assumption
of a stationary atmosphere does not hold. Consequently a static model cannot duplicate
these rapid changes in air-mass characteristics. It may well be that the model prediction is
closer to a snapshot of the profile at one instant of time while the profile is changing from
one form to the other than can be obtained from a measuring system which is slow relative
to the time response of the nonstationary atmosphere.

The model predictions and the in-situ data taken over all of the flights of the 1977
EOMET cruise at the positions shown in figure 5 were compared as follows to allow the user
some idea of the error bars on the model estimates. A calculation was made of the RMS
error of the model predictions at 100 altitudes equally spaced below the maximum altitude
obtained on the flight relative to the least-square third-order polynomial fits to the measure-
ment data at the same 100 altitudes. This analysis shows that the worst-case air-temperature
RMS error by the model was 3.70C (for flight 3) but that the average RMS error for all
flights was 0.7aC. A similar analysis shows that the model had an overall average RMS error
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Fig. 10-Example of an air-temperature profile (points) (obtained in a rapidly
changing air mass from a sounding system that takes about 50 minutes to make a
complete ascent and descent) that cannot be used to represent a stationary pro-
file against which to test a static model (line). The data in this plot were ob-
tained from flight 21.

in the relative-humidity estimates of about 20%. These errors however include not only
inaccuracies of the model but all types of errors which might exist in this experiment, such
as nonstationarity of the air mass.

The model test was also analyzed to see if the errors of the model depended on altitude.
One would expect that, since the model is based on measurements at the surface, the model
accuracy would decrease with altitude, so that the RMS errors between data points and
model predictions would increase with altitude.

Table 1 shows the RMS differences between data points at the various measurement
altitudes and the model predictions of the data at the same altitudes. These differences
are averaged over all of the flights in 100-meter altitude bands. The RMS errors indeed tend
to increase with altitude.
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Table 1 - Altitude Dependence of the RMS Errors of the Model

Number of RdMS Error
Altitude Observations ArRltv
Interval Numbertof Air Relative Absolute

(in) in Altitude Temperature Humidity Humidity
Interval (0C) (%) (g/m 3 )

0-100 480 1.01 9.54 1.06
100-200 296 1.21 9.71 0.94
200-300 365 1.24 9.86 1.06
300-400 341 1.34 11.93 1.40
400-500 155 2.77 20.47 2.15
over 500 81 1.65 16.36 1.68
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APPENDIX

PROGRAM LISTING
FUNCTION RELiiUUl(Z,IQ2,1511i2.TAIhi,VAPLD)

C l.iDjEtVIFICATION NAdk;: hz~tdUn
C 2.TITLE: METEOROLOGICAL PROFtLz. t~Sf~i1ATES FROM SHIP OBS.
C 3.AUTHCH: STUART G. GATIHflAN
C 4S.OEGANIZATION: NRL
C 5.DATE: JULY 19177
C 6.EOUTINLS CALtED:A8ORTALTPALJVVAILf,Cl0,ZZERU,'j,QSTAR,
C THZ,IHSTR,EILNT ,ZCON,SfllXht,ikI,TEfli3 , VITAHiS,TCEkdT,LIHIlT

DIflENSION ISHJJP(12),IFOGtl4),lDaiill1) ,ICLB(6)

I LCI=I Shki A (2)
IASL=ISHI:P (3)
iAT=ISHIP (4)
ICLhT=ISHIP (5)
LDPT=ISHIP (6)
I SSI2=ISUIP (7)
1IW5S IHIP (a)
IV±5=.LSHIP (9)
I:.LS=iSH.LP(10)
IIYIS=ISHIP (11)
ILA15 HI P (12)

1 ~~~~~46,41.%d,49/
DATA (IDRIZ(L) 1=1, 10)/14,15l,024 ,152, 53 54/
DATA (IDRIZ (I) ,1= 11 ,1 7) /S5,S5b,S7,b)b,S9,60,6 1/
DATA (ICLB(I) ,1= 1,6)/0, 1,2, J,4, 5/

C
C
C CHECK FOR INDICATIONS OF FOG AND LE fOUND GO TO 100
C

IF(LV~iS.LE.94) GO TO 100
If(IYIS.EZJ.1) GO TO 100
DO 20 J=1,14

20 IM(IPW.Eg.IFOG(J)) GO TO 100
C
C
C CHECK FCR INDICATIONS OF DRILtLE AND ii
C FOUND GO TO STATEMIENT NUMBER 300
C

Do 30 J=1,14
30 Ie(IPw.EQ.IDalZ(J)) GO TO 300

C
C
C CHECK FOR CLEAR WtATBEH(IE NO IkiDLiLATI.ON OF PREc~.) AND
C IF FOUND GO TO STATEMLNT NUMIBL.2 UOO
C

DO 40 .1=1,6
40 IF(lPk.EW.ICLh,(J)) GO TO 600

C
C
C IF Tilt PROGRAM GETS TO THIS £Il~lT WdE NUST ABURT.
C

50 CALL. AB0RT(Z,IQ,IJPT~lAT,Alka)
BEL. IUM=HH
T A I E=TC~N'T (I AT)
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VAPLI)k2. 165*RBELIHUMl*VAEPHP t~f~iaJ /tlAlkt273. 15)C;ALLLflT(dVPDTtiJ
RETURN

C
C
C THIS PART OF ThE PROGHAM IS FUji TintS OF FOG linDICATIUNS.
C

100 jtSLhufl~oO.
TAZB=TCENT (IAT)
VA2L0-216.5*VAEPM(TAlIE)/(2AIat~74. 12)

110 bIQ=10
IFJZ.iT.J400.) LQ=b,
IF2(ZGT. 1000.) £W=2
B kT URN

C
C
C THIS PART OF TUE &UOGRAa IS FOR NUN4 PRECIPITATION TIMES.
C

600 LF(ILCL.Eij.6) GOu TO 700
IF (ItCL. EQ.4) GO TO 700
LEF IILLCL.EQ. 7) GO TO 70 0
if(IASD.LT.0) GO TO 800
2F(2ASL.EV.O) GO TO 900

C
C
C THE SIABLE ATMOSPtIERE
C

777 CONTISIJE
IF (ZiT. 20.) GO TO 1000
Go T0 1100

C
C THIS PART OF THE PROGRAM IS FOR Uh2iTAb~LE CASES.
C DETERMINE THE DEPTH OF TUE Sd±cUAb~LAL.iAbTlC LAYER.
C

800 1'Q=10
DF=AbSLFLOAT(lASD)/10.)
IP(LIF.GT.0.5) GO TO 850
ZSA=10.*DIF
GO ¶10 870

850 ZSA=11.S12t9.b9*ALOG(D1F)
C
C
C NEXT DETERflINE IF Z IS ABOVE Du intLUN'TiHE TOP Of THE
C SUPijtADIAiSATIC LMYER.
c

870 LF(Z.L;. ZSA) GO TO 2000
c

C FOR ZSA < Z ( Zji, THlETA AND j A~,L cUoSTA&T WET ALtIUDE
C AND E~,UAL 10 THE VALUES DETERitflt& AT £=ZSA.
C

1500 TLLSA=Thi II.WS.J1i.IŽ1,SSi2.IAT,ZSAJ

C
C
C FIND TUE LIFTING LONDENSATION LL~V,;" Fat~i VALUES OF THETA
C AND U DiiTE!tfINED AT TK1e TOP? O THE~ st~J2RADIABATIC LAYER.
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C
hC=ZC.US (THiSA,QSA,ZSA)

C
C
C DETERMINE THE CLOUD MOUNT TU Sz.z Lk ThERE IS A
C TRANSITiON ZONE EXISTING.
C

1810 CONTINUE
IE'(ICA.LT.2) GO TO 1600
'hH=ZC
IF (Z.GL ZH) GO TO 1700

iSCO EYPW?(SA,Z)
TAlF,=TEMP(TMSA,Z)-273. 15
ESAI=WAEPR (TAIR)
VAPlD=21 6. 5*E/(TAIR*27 3.1j
EELkMI~l 0. *E/ESfl
CALL LlIMITS (RELNUNJ,YAPLD,TAiR~,I2)
NET URN

C
C
C THE IN CLOUD CASE
C

1700 RELVU11100.
TAIS=TEMP(THSA,Z)-273. 15
VAPLD=-216.5*VAPPR(TAIR)/JTA"+k7J. 15J
IFLZ.,LT. 2000.) RET UHN
T2000=TEZIP(THSA,2000) - Z7J.15
L;200Q=SnIIX (4~,T2O00)
U=W2aOOO*4E6/Z**2
ESAI=YAPR (TAIR)

RELliUMl1 00*E/ESAT
VAPLD=el 6. 5*E/TEMP (THSA,h)
R ET URN

C
C THIS kAhT OF THE PhOtiRAtt IS kUtk A ctLUUDLESS CLGUOLAYER.
C

1600 ZkI=C.8*ZC
IF(Z.GI.ZC) GO TO 1Q00
lE(Z.LT.ZH) GO TO 1800
DELz=ZC-ZU
TZki=TEIIL (TUSA,ZUH)
Ti.=IZd-0 .006* (Z-ZH)
VZH=QSA
TlZ=Tlk-O. 006*DtELZ
QZC=0.78*SMlIXRJZC.TZL-273.1l5j
TUSA=TH fTZ, Z)
USA=QZk+ (VZC-QyiI) * (A-Z H) /JbltZ
GO TO ldOO

C
C
C THIS IS THETA AND b, CALCULAttzi) tUd A~ SUPER A LAYER
C
2000 XXThZ(IWS,I4S,IQ,1S.ST.IAT.Z)

TL>IEllP(X,Z) -273.15
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YTEST=YP (e,z)
VAPIST=VAEPfi(iC)
BEL HUfl100. *ITSEST/ VAPT ST
T Al l=TC
VAPLD-2.16. 5*VTEST/ (TAIIt+tiA3. 15)

FLt±NKLbT (iWS,IiVS,LISST.IAT, 10)
FCN=tZtZO)/FL
1E(kCMI.LE.O..03) GU TO 2010

2010 CONJTINUE
CAISL L1IITS (SELHU&n,VALD,TAik,L~j
hET URN

C
C
C STAis±E ATnOSPa~iiE, 2> SlHIP IlA.S ZiE.ttiT.
C
1100 IXtj--9

CLksAS-FIOAT (LCLUT)
LTo;=CLaAS.500
IM(Z.GELCTOP) GU TO 1105
11 (Z.GBCLbkAS) GU TO 1104
THS=TH (TA8b (tAT) ,2.0.)+(Z-ZO.j *2../(LLBAS..20.)
QS-5miXER(20. ,TCENT (LDPrJ)
GO 10 1110

1104 TbS=Td(TAbS(LAT) ,0.)+2.+t4-LLdASj*.O06
QJS=SdIXR (20. ,TCENT (ILLPT))
GO TO 1110

1105 IdS=TH (TABS (.A2) .204t*0OO*h)~
JS=SflIXk (20. ,TCENT (IDPT)) *CI'0iLvT~k/Z*t2

1110 COM'I1NUR
B=E~i(QS.z)
TA1B=T4t5P(THS,Z) -273.15
ESAI=YAPPl (TAIR)
1A2L0=210.5*t/TEtW (THS,ZJ
SELbUfl=100. *E/SSAT
Ik fliLHU1S.t..100.) RETURN
REt Hw5=1 00.
VAL?11W216. 5*ESAT/TEflPQIHS,Z)
R ETURN

C
C
C STAA3LH ATflOSPkt~hE*Z( SHIP BA.Al xiiiWsii.
C

1000 TiUSE=TH(TAijS(J.AT),20.)
THW=TU (TAUS (LSST) ,0.)
~,SP=SaIXa 20. ,TCE4T (1D2)T))
uWT=.9b*SPmIXR(1. *TCZNT (iXS~))
THkSA=TIUSZ* (TkIP-TaiWJ/20.
QSA=(WI+tZ* (~iSP-QWT)/20
IiŽ= 10
G0 20 1bDO

L2
c
C NEUTRAL ATnOSPH&ERL CASE
C:

900 IQ=10
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ii Z~22 2.)GO To 975
TkiSA=Ti(TAbS (IS61) ,O.)
QSA=SMIXR(2O.,TCENT(1DPTj)

950 zC~=121*(T(;aNT(IAT)-TCENT(iJ2i~2))
IE(.LEZC)GU TO idGO

GU 10 idlO
975 TAIIBk'LUAX(XSST)/1O.

WjSEMA0.98*Sf1X (0.,¶ICLNT(i.SSt~))
%fl1ASTS6MIX (20. ,ICLNT (1DPX)j
V= (ilA6T-ViSEA) *4/20. t(,,SEA

ESAI=VA2PR (TAIR)
RELiiUb'100. *E/ESAT
YAPLD=21 0. 5*4/ (TAIR+273. 1tj)
RET URN

C
C
C•THIS £'ART OF DTHE PROGRAM TREATS LIGHT XON FREEZING PRtEC.
C•OR DR±ZZLL. RELATIVE HUMIDITY 1i aSSULIED £VERYWHRRE TO BE
• THAT Of Tiik; SHIP.

.300 RELi~Ufls100.*VAPPRiTCENT(.ii)k')J/VAi)i~i{ (TOENT (IAT))
GC '10 110

C
C
C THIlS IS AN APiIOX1fATlON F014 THE .A.UUDLESS "'CLOUD) LAYER"
C AFTER MALKUS (195d)
C

1900 huLhlbuM78.

TAIB=TELIP(TfISAZ)-273.l15
VAPLD=16S.9*VAPPRt(TAIRJ/ (TIA.JA4+24. 15)
i(ET URN

C
CTIHIS PAnT OF THE PHOGHAMI 15 tOE Td,; STRATUS CLOUD CASE
C

700 COhT.LMJE
IPF(Z.LT.20.J GO TO 1000
CLs3AS= FLUOAT (ICLaT)
CT~iCL~bAS+500
10 (Z.GE. CTOP) GO TO 705
IF(Z.UE.CLBAS) GOU To 704

Pcs1h(TAbS (1AT) ,2O.) +2
JTc=2EkiqPL,CLu~AS)-273. 15
y±=Sl1I~h (20. ,TLENTI(lOPT)j
(,LS6M1:XR 4CLiSAS,TL)

5sft(6-2O.) * (QL-Qd)/ (CtdAS-2U.)
GO TO '11 10

7 04 TIS=Th (TAUJS (IAT) .20. +x.*.0Oof* (h-LinsAS)
~sSflMIXR (Z,TEM1P(THS,Z) 27t ls
GO IC) 11 10

7 05 THS=Tn tTAbS (iAT) .20.) + 5.+. 0000 1* (Z&-TOP)
~,S~SflXk (L'1O2,TR~kt (THS CilTUj-2.7i. 15) *CT1OP*CTOP/4**2
GO '10 11 10
END

Note: The Malkus citation on this page is Ref. 3 in the list at the end of the main text.
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C SUBROUTINES AND FUNCTIONS FOa Qaz Illh iELHdf FUNCTION.
C
C

SUbhOUTIki ALWAI (Ltj,I oelT,IAT,huj
C
C THIS SUUROUTlbE SISPLY TaAvSnIIIS IdE SHkIPaOARD MEASUREmENTS
C TO CTHER ALTITUDIES AND D)ELALASL6 iu AS Thit PREDICTIONS
C SE(CdE LESS ACCURATE.
C

DEWET=kfLOAT1D128l/0.
DEflP=FLOAT(IAT)/10.
fth-100.*VAPPii(DEWPT)/VAP'u (TSlPj
IQ=9
1k jZ.GT. 100.) iQ=6
IF (2.GT. 500.)i u=3

RETURN
END

C
C

FU4LTION ALT(P)
C
C THIS FUNCTION COMPUTES ALTITUDE 1S METERS FROM PRESSURE
C IN MILLIbARS. ThIS FOHBUWA IS A iPIT TO ThE S.A.C.A.
C STANDARD LOWER ATMUSPUERE DATA: SMITHSONIAN NET.TABLES S63
C LIST (1968).
C

lI(i.LE. 1013)GO TO 10
ALT=0
hET URN

10 IF (E.LE.958.) Gv TO 20
ALT=9.09* j1013.-P)
RETUhS

20 ALT=7d50*ALGG(l1021.38/P)
RETURN
EdD

C
fUNCTION PALT(Z)

C
C THIS IS TtiL ihsYEESi OF RUa.TIUN ALT () W9hERE ALTITUDE,Z
C IS IN METEhS AND PALT IS TnE vE$S3UEE I9N KiLLIbARS AT 4.

IF(Z.L'l.5U004 GO TO 10
PALI=1021. u*XCl- 12739L-4*Zj
aETDIjdt

10 PALT=l113.-55*Z/5O0.
RETURN
END

FUNCTION VAPPR (T)
C
C TIBS IS AN APvROKIMATION fU lt. GUie-6RATCd TEMPERATURE.
C SATURATED VAPOR PRESSURE oVEI LlA4ULJ WATER FORMULA.

The Smithsonian tables cited are Ref. 10, and the List citation is Ref. 10
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C 11 WAS DESChII3BD dY hIChAbLJS (19711) AND WIGLiY (1974).
C IN IhIS ELUCIO1b T IS ih Dbl. c AbD VAPPH IN Md.
C

T4= 1.0-374./ (1+273.)
a 1= 13. J1 D5
a2= 1.9Th
B3=0.6445
h4=0.1299
d0= 1013.25
VAPEn=d0*EIP(kdl( 4-H 2*T4**i-aJ * 4}$J-R4*T4**4j
RETUBN
END

C
C

FUNCTION C1O(IWS,IIWS,It)
C
C THIS FUNCTION CALCULATES ihd i)h^G COEYFICIENT. IF WIND
C SPEED AT 10 MinTZS IS MfkASUhtui, DiACONS SUGGESTED FOHtM
C IS USED: ROLL (1965), P.l11. Ik Nb WIND IS MEASURED A
C CONSTANT VALUE IS USED.
C

If(1IWS. NL.-1) GU TO 10

C 10=2E-3
RETUhh

10 C 10=1. 1E-3+0.04E-3'FLOAT(tiS)
RETURN
ibD

C
C

FUNCTION ZZkHO(lISIWS,t,)
C
C THIS FUNCTION CALCULATES THE UJYhAbiC ROUGHNESS, ZZEHO
C IN METERS AS A FUNCTIUb oY WINb Si?4zD FOLLOWING CHARNOCK
C (1955) AMD EXPRESStS FdICTiUb VELOCITY IN TERMS OF The
C DRAG COEPFICIENT AND NEASJaaL WiSD SPLED.
C

IE(IIVIS.bE.-1)GO TO 10
IU= 1L(-2
ZZE10= 1. g-5
RETURN

10 ZZES0=CI0(1S,IIWS,Iij *3.4Jb-4*tLLuAi (IWS) **2
SETURN
END

C
C

FUNCTION .M(I±WSi S,1QISi'tiD ,vIAT)
C
C THIS FUNCTION LALCULATES fi'h cixiL5i RATIO AT ALT. Z IN AN
C AlMCSWUdERE WHICH UBEYS A iLOG - b±SzARi RELATIONSHIP:
C RCLl (1965), P. 237.
C

T0=iLoAT (1SfS) /10
%)0=Q90o*SMIX&(0,T0)
Q2SR=yaS1Al (IDPT,Z,I1WbS,iWS,.SST,±wj
Z0=ZZb.RO (1IbSIWSS,,)
1 (Z+zO) /z0

The Richards, Wigley, Roll, and Charnok citations are Refs. 7, 8, 1, and 9 respectively;
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20. Abstract (Continued)

meteorological parameters are compared with simultaneously obtained in-situ measurements for
56 flights. In some cases agreement is good, but when the profiles change during the 50 minutes
required for a kite-balloon measurement, comparison with the static model becomes invalid.

ii
SECURITY CLASSIFICATION OF TNIS PAOGE(rtn Data Entred)
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FL=fnILLNT (tLWS,1ldifS,.IST,IAT,j.Ia)
vZ=WO+~,S&* (ALUG (XJ +4.a*E/eLJ
RETURN
F.ND

C
C

FUNCTION THZLjiWS,lWS,LU,i.LST,iAi.A)

C THiS kUNiCTION CALCULATES Lidt iPUithTi.AL TEmPERATURE AT
C ALTITUDE, £ IN AN ATMUSPai4ds o.nlcA OULYS A LUG -LINEAR

C RELATIONSHIn- ROLL (15%6) ,P.2417.
TO~z7J. I5+kLOAT (IS ST)/1O.
T HO TH (TO0,0. )
ZO0=2.ZERO (.IW S. I S. IQ))
x= ( ZtZO) /;60
F I klflL NiT (1WS, II WS,lISSTILAT, Iv
TSTAB=THSTR (IAT,Z,1IIWS,ltS,iiJST,tIfl
THZ=TRO+ 'STAR* (ALOG (XJ tq*ZF~
liET URN

END
C
L

FUNLTIukJ LISTAR I)TZIhSlS±SU
C
C THIS IS THE "kRICTLON nIgtG tAtidU" USED IN VZ AND)
C CALCULATED USING THE APPAUAXIMAT!UuS Of THE BULK AERODYNAKIC
C METEOD: BULL (1965), P.za ,272.

LA=L1O (iW5,ILVS,I1fl
FK=Q.3a
vSTAE-SL)EI (LK) * (sjk-UO) /FtL
RET URN
END

L
C

FUNLTLO14TSE(A..ISiSiS.L2
C
C THiS~ 15 TbE "k'RICTIUO1?0POI'T&AL T46nWERATURE' USED 1K THE
C CALCULATION Ut Tilt USING ILl ALkziUXIMATION OF THE
C bUtA( ALRODYNAKLIC KETHOD: kUt~.(19b$~) P.252,272.
C

TAe74. 15+ELOAT (IAT) /10.
TC'274.lStELOAT(ISST)/1O.
LA=C10 (IWS,IIhWS,IQ2)

RETURN
END

C
C

FUYCTION ILTl4LSlJAT1
L
L THItS IS AN APetiUXJAATION fog Tbh MIl~ING LENGZTH USING
C IWLt jl~f6S), P. 144,252.
C

The Roll citation is Ref. 1.
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iF (IIWS. EE.-1) GO TO 10
FELMT=-100
1~=IQ-2

B&E URN
10 T0=273.+FLOAT(ISST)/10.

TA=273.+FLOAT(IAT)/10.
CA=C10 (IiS.IIWS.2)
X=TO*SUHT(CA)*0.2646*FLOAI (LiuSJ**2
Y=9.S*.3d* (Tki(TO00.) -Td (2A, 10.)j
F£LNT=-1.*X/Y
BETURN
END

C
C

FUNLTIUN ZC(JN(TASA,HSA,2SA)

C T£JS FUNCTION CALCULATES THE1 LlFTING CONDENSATION LEVEL
C iaEaE IASA IS THE POTENTIAL T2MPEBATURE IN KELVIN AT ALT
C ZSA AND RSA IS THE lIXINW eATiLO AT TBIS LEVEL IN G/KG.
C TLIS FORMULATION IS AN EfWl'iCAL FiT TO DATA IN THE
C SMIIHSONIAN M2T. TABLES P.32d.
C

TSA=TEfP (TASA,ZSA)
ESA=VPLRSA,ZSA)
FK=1./.286
X=EXP(FK*ALOG(TSA))
TC=73d.02-150.41*(ALOG1O(X)-ALUG10(ESA))
TC=IC+7.21*(ALOG10 (X)-ALQG10tSSA)J**2
TC=IC*273.15
PZ=1000*EXP(-FK*ALOG(TASA/TC))
ZCON=ALT (PZ)
RETURN
END

C
C

FUNCTION SflXR( ,T)
C
C LAILULATES THE SATURAT10N r~iiiNG iHASIO IN G/KG AT HEIGHT Z
C AND TEMPEBATURE T (C).
C

StIXh=0.62Z*VAPPR (T) /,(ALT(Z)-vApPn(T))
BET URN
END

C
C

FUNCTION TH(TZ)
C
C CONVERTS TEMPERATURE (K) tO kUTEhTiAL TEMPERATURE (K) AT
C ALTITUDE Z.
C

Tki=I*LXP g0-28o*ALOG (1000./PALT (z))J
TH=IH
uETURN

END
C
C

FUNhlION TEMP(TE,Z)

The Smithsonian tables cited on this page are Ref. 10.
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C
C CONVERTS POTFNTiAL ZEMPE~iAIURi (&J AT ALTITUDE Z (M4) TO
C TELIERlATURE (K)
C

TESiE=TR/ (EP (O.2$6*ALOG(1000./eALT (L))))
BET URN
END

C
LC

FUNCTION VP (2,Z)
c
C CON VEETS MIXINMG RATIO (G/&Gj AT AA~TITDBE Z (U1) TO
C VAPCB PRESSURE (MB].
C

VP=2a2Y(Z) */(.622+R)
RET URN
END

C
C

BUhCTIUIN '1A23(I)
C
C CONVERTS AN INPUT TEflPERATUtiE INTEGER To TEMPERATURB (K).
C,

TABS=273. 1St.LOAT (1)/lU.
RETURN
END

C
C

FUNCTION TCiNT (I)
C
C CONVERTS AN INPUT TEMPERATUkL INTh~GLR TO TEMPERATURE (C).
C

TCLNT=PILOAT (1) /1 0.
RETURN

SU6BOUTISL LIBITS(RH4V,T,Ig)
IF(E.LES.)GU TO 10
£F(ELE.10.) ETURN

Rti= tO.
GoC so 20

tO RHbS5.
20 li=IQt-4

V=2.165*aki*VAPPk (T)/(T+273. 15]
IET URN
iND
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MODEL FOR ESTIMATING METEOROLOGICAL PROFILES

FROM SHIPBOARD OBSERVATIONS

INTRODUCTION

Large quantities of shipboard meteorological observations made throughout the world
ocean over an impressive length of time are limited in nature and accuracy. But they provide
a marine climatological data base which would be too expensive to duplicate to obtain other
types of meteorological data subsequently needed but not specifically included in the data
base. One example of subsequent need is the statistical characterization of detailed humidity
and temperature profiles within the lowest 2 kilometers above the ocean surface. The rela-
tively small group of radiosonde data taken by various weather ships and researchers is un-
fortunately sparse in both a geographical and a statistical sense. There exists therefore a
need to invent a model which will provide an estimated profile of humidity and temperature
when given the standard set of shipboard observables. Profiles obtained with such a model
will be inferior to those observed directly by the use of radiosondes and are not intended to
replace them, only to supplement them in areas where sufficient profile measurements do
not exist.

The chief advantage is that profiles can be generated where no profiles have been mea-
sured and the results can be believed to within a certain degree of accuracy. One area of
interest in which such a model could be useful is the transmission of optical energy over
various nonhorizontal paths. Along these paths humidity estimates are valuable both for its
effect on molecular absorption of optical energy and in its effect on the growth of aerosols.

This report describes such a model and a method and data to test this model. The test
method can also be used on future models to ascertain their usefulness.

THE EMPIRICAL MODEL

The model divides the standard shipboard weather observations into essentially four
cases:

* fog,
* light precipitation,

* heavy precipitation, and

* no precipitation.

Ma~nuscript submitted August 31, 1978.
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Characterization by the model of all but the last of these items is trivial in that present
values on the ship are estimated to exist at higher altitudes. In the last case, however, more
elaborate predictive methods are used.

An integer is delivered to the main calling program which gives a rough estimate of the
quality of the particular value being calculated. When many assumptions are made, the qual-
ity integer (IQ) becomes low or even negative. Values of 10 are considered reasonable
estimates.

The stability of the marine boundary layer is an important input to the model. The
measure of this parameter that is available to the model is the air/sea temperature difference.

In the no-precipitation case the following distinct classes of profiles are modeled:

* Unstable atmosphere with cloud cover greater than 25%,

* Unstable atmosphere with cloud cover less than 25%,

* Neutral atmosphere with cloud cover greater than 25%,

* Neutral atmosphere with cloud cover less than 25%,

* Stable atmosphere with a stratus deck, and

* Stable atmosphere with no stratus deck.

The particular class of model chosen depends on the sign of the air/sea temperature differ-
ence, which determines the stability, and the level and/or type of cloud cover reported. The
specific characterization of each of the profiles from any of these classes depends also on
the specific values of the other shipboard observables.

In the modeling, potential temperature and mixing ratio are chosen as the particular
meteorological pair of variables to describe the vertical thermal and vapor-loading character-
istics of the atmosphere because of their insensitivity to adiabatic processes. One limiting
feature of this model is that it is designed to describe only the layer of the ocean atmosphere
at or below 2 kilometers; thus attempts to use the model outside of this limitation may result
in severe errors.

The output of the model is relative humidity, absolute humidity, and air temperature
(all quantities which are used directly in propagation calculations). in making these estimates,
many conversions are required between various meteorological variables. Thus a number of
conversion functions and subroutines are required by the model to convert easily from one
set of parameters to another. These subroutines and functions (shown in the listing of the
program in the Appendix) use for the most part standard meteorological relationships.

Unstable Atmosphere With Cloud Cover Less Than 25%

In modeling the class of profiles identified as unstable atmosphere with cloud cover less
than 25% four levels are considered. Starting from the layer closest to the sea, they are

2



GATHMAN

Since the area is clear (total cloud amount is less than 25%), then a transition layer is
considered to start at an altitude of about 80% of the lifting condensation level. The transi-
tion layer starts at the top of the homogeneous layer. In the homogeneous layer both the
potential temperature and the mixing ratio at all altitudes remain constant at the values
obtained for the top of the superadiabatic layer.

According to measurements by Malkus [3], the relative humidity in the subsident non-
cloudy cloud layer is 78%. Therefore in the transition layer the model slightly increases
the potential temperature linearly and adjusts the mixing ratio so that 78% relative humidity
is achieved at the altitude calculated as the lifting condensation level. Throughout the cloud-
less cloud layer the model sets the potential temperature to that calculated at the lifting
condensation level and correspondingly decreases the mixing ratio to keep the relative
humidity constant at 78%.

Unstable Atmosphere With Cloud Cover Greater Than 25%

Figure 2 is a diagram of the same unstable atmosphere but with clouds. For altitudes
below the transition layer the model is identical to that for the cloudless case. The model
for the cloud case, however, keeps both the potential temperature and the mixing ratio con-
stant with respect to altitude throughout the transition zone. Above the lifting condensation
level when the relative humidity is 100%, the potential temperature remains constant but
the mixing ratio is reduced just enough to keep the relative humidity at 100%.

The cloud layer extends from the lifting condensation level to about 2 kilometers,
where the moist marine layer is usually capped by an inversion which divides dry warm air
on top from the cool moist air of the marine layer. Above the 2-km level, temperature de-
creases at the standard lapse rate, and moisture is allowed to decrease rapidly toward the
zero level.

Neutral Atmosphere

The neutral atmosphere, profiled in Fig. 3, is similar to the unstable atmosphere in
both the cloudy and noncloudy conditions except that no superadiabatic layer exists. The
temperature of the atmosphere is considered adiabatic from the sea surface up to the lifting
condensation level. The potential temperature measured at the ship is used as the potential
temperature throughout the lower atmosphere from the sea surface to the lifting condensa-
tion level in the cloudy case and up to the bottom of the transition zone in the subsident
cloudless case.

The mixing ratio is interpolated linearly between values corresponding to relative
humidity of 98% at the sea surface and that measured at the assumed mast height of 10
meters. Above 10 meters and below the lifting condensation level the mixing ratio is set
constant to that measured on the ship.

6
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* The superadiabatic layer,

* The homogeneous layer,

* The transitional layer, and

* The cloudless cloud layer.

The extent of each of these layers varies according to the individual input parameters. The
unstable model is based on the description of the moist marine layer in the trade-wind zones
sketched by Roll [1].

Figure 1 is a conceptual representation of profiles of the potential temperature 0 and
the water-vapor mixing ratio r for this class of atmosphere. The first layer above the ocean
surface is called the superadiabatic bottom layer. In this layer the potential temperature and
mixing ratio obey a log-linear formulation, with the defining parameters being related to the
shipboard observations. The height of this layer above the sea surface is calculated by an
empirical formula fitted to a series of measurements made by Brocks [2]:

Zsa = 11.92 + 9 .6 9 ln(I Tair - T ),5 < Tair - Tsea,

= air - Tsea' < Tair - Tsea < 5
where Zsa is in meters and Tair and Tsea are the air temperature and sea-surface temperature
in degrees Celsius.

The meteorological parameters of 0 and r at any altitude Z within the superadiabatic
layer are computed from

9(Z) = 0(0) + 0, [In Z + Z° + 4.8 Z]

and

r(Z) = r(O) + ra [In Z ° + 4.8 ]ZoL
In these formulas 0(0) and r(O) are the values of potential temperature and mixing ratio
computed from measurements of the temperature of the sea surface. The variables 0. and
r. are computed from

0t 038 [0(10) - 0(0)]

and

* = 0.38 [r(10) -r(O)],

3
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where

C1 0 = [1.1 + 0.0 4 pi(10)] X 10- 3

with 0(10), r(10), and u(10) being the values of potential temperature, mixing ratio, and
real wind speed obtained at the nominal mast height of 10 meters. Values of Z0 are obtained
as follows: If the

real wind speed is measured, then

Z0 = 3.3 X 10-4 Clo u(10)2

and if the real wind speed is not measured, then

Z0 = 10- 5

Finally the values of the so-called stability length L are calculated from

L = uTx/u(10)2

9.8 X 0.38 [OA(O) - OA(1O)]

where the sea-surface temperature To as well as potential temperatures OA (0) and OA (10) are
in absolute temperature units. If values of the wind speed are not measured, L is set at -100
meters. When the relative humidity is to be estimated at an altitude less than Zsa, then it is
calculated by use of 0 and r from these equations. If Z is greater than Z , the values of
potential temperature 0 and mixing ratio r at Z. are used to estimate tAese same quantities
at higher levels.

The height of the lifting condensation level Z 0on must next be calculated from measure-
ments available on the ship. The method used in this model is based on the solution of the
equation for adiabatic lifting:

e/T'/0.286 = e /T'/0.286SCC

where T is the temperature calculated at the top of the superadiabatic bottom layer, e is the
vapor pressure calculated at the same point, T. is the temperature at the condensation level,
and es, is the saturation vapor pressure at the temperature of the condensation level. The
potential temperature at the top of the superadiabatic layer is known, because both the
temperature and the altitude are known. Also known is that the potential temperature re-
mains constant with respect to altitude changes for adiabatic processes. Therefore at the
condensation level the pressure pC can be calculated from

0 = Tc(1000/p 0 )0 .2 8 6
-

The model then uses the NACA standard low-level atmosphere to convert from pressure to
altitude.

5
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Stable Atmosphere

The basis for the model estimates of the stable atmosphere is a series of tethered bal-
loon flights made aboard the USNS Hayes during the 1975 fog cruise [4]. If a stratus deck
is observed, the model constructs the following atmospheric thermal and water-vapor struc-
ture from four additional shipboard-measurable inputs: the sea surface temperature, the
dew-point temperature and air temperature at 20 meters, and an estimate of the cloud-base
altitude.

The potential-temperature structure is estimated in the following way and as shown in
Fig. 4. The atmosphere is divided into four layers separated by four reference levels: the sea
surface, 20 meters (the height of shipboard measurements), the cloud-base level (an input to
the model), and the cloud top (assumed to be 500 meters above the cloud base). In the
lowest layer a linear interpolation is assumed between the potential temperatures of the sea
surface itself and the air at ship height. In the second layer a linear interpolation is made
between the potential temperature at the 20-meter level to that at the cloud base level,
which is assumed to be that of the ship plus 20C. Over the next 500 meters an increase of
3SC of potential temperature is assumed. Finally above the cloud layer the potential tem-
perature is allowed to increase at a small rate.

Similarly the mixing ratio is constructed in a piecewise linear fashion in the same four
levels. In the lowest layer a vapor pressure of 98% of the saturation vapor pressure at the
sea-surface temperature is assumed at the sea surface. The mixing ratio is then linearly inter-
polated between the mixing ratio ri calculated at the sea surface and the mixing ratio r2
calculated at the mast height. When a stratus cloud is known to exist, then saturation is
known to be achieved at the cloud base and therefore the mixing ratios r3 and r4 which are
necessary for saturation are assumed both at the cloud top and at the cloud base. Linear
interpolations are then made between these various fixed points. Above the cloud top themixing ratio is allowed to drop off at a l/Z2 rate.

The stable-atmosphere no-stratus-cloud profiles are identical to the stable-atmosphere
stratus-cloud profiles except that the mixing-ratio profile is assumed constant from the ship-
mast height to 500 meters above the calculated lifting condensation level.

IMPLEMENTATION OF THE MODEL

The model is in the form of a Fortran function: RELHUM (Z, IQ, ISHIP, TAIR,
VAPLD). The outputs of the model are the relative humidity in percent which becomes the
functional value itself, the air temperature represented by parameter TAIR, and the water-
vapor load of the atmosphere represented by the variable VAPLD. The integer output vari-
able IQ is a quality index which is roughly related to the trustworthiness of a particular
prediction as described above. The model requires only two inputs: the altitude Z (meters) at
which the meteorological values are desired to be known and an integer array ISHIP which
contains 12 integers from the standard shipboard weather reports.

The elements of array ISHIP are defined as follows:

ISHIP (1) is an integer between 0 and 99 (coded in accordance with Ref. 5) which
describes the present weather situation;
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ISHIP (2) is a parameter between 0 and 10 which describes the lower cloud types
(ILCL);

ISHIP (3) is a signed integer between -999 and +999 which is 10 times the air/sea
temperature difference;

ISHIP (4) is a signed integer between -999 and +999 which is 10 times the air
temperature (IAT);

ISHIP (5) is a noncoded integer which is the estimated height of the cloud base of
the lowest cloud layer in meters (ICLHT).

ISHIP (6) is a signed integer between -999 and +999 which is 10 times the dew-
point temperature at deck level (IDPT);

ISHIP (7) is a signed integer between -999 and +999 which is 10 times the mea-
sured sea-surface temperature (ISST);

ISHIP (8) is an integer between 0 and 99 which is the wind speed in knots;

ISHIP (9) is a integer between 90 and 99 (coded in accordance with Ref. 5)
which represents the visibility;

ISHIP (10) is an integer which if equal to 0 indicates that wind speed was measured;

ISHIP (11) is an indicator of the horizontal visibility at ship level, with 0 indicating
that visibility was measured and 1 indicating fog;

ISHIP (12) is a integer between 0 and 9 (coded in accordance with Ref. 5) which
indicates the total cloud amount (ICA).

TEST OF THE MODEL

A test of the accuracy of this model within the marine boundary layer has been devised
by comparing the model-produced estimates with measured profiles of temperature and
water vapor. Field data suitable for this test was obtained from the EOMET cruise of the
USNS Hayes during May and June 1977. During this cruise kite-balloon soundings were
made, producing many observations within the marine boundary layer. Comparisons be-
tween the measured parameters of air temperature, relative humidity, and vapor density and
those same parameters calculated from the model which used the appropriate standard ship-
board measurements taken on the ship itself provide a useful test of any model of a
boundary-layer profile.

The locations of the soundings are shown in Fig. 5 superimposed on the ship track,
which covered portions of the North Atlantic and the Mediterranean Sea. Although the
experiment provided over 1700 valid parameter sets obtained with the NRL boundary-layer
sonde [6], the data are limited in duration at any one location and therefore do not form a
climatologically complete set of measurements. It is nevertheless an excellent data base on
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Fig. 5 - Cruise plot of the EOMET cruise of the USNS Hayes during May and June 1977. The circles
represent positions during the track where kite-balloon profile measurements of air temperature, relative
humidity, and water-vapor density were made.

which to test the model, because it does provide a wide variety of stability classes. The tem-
perature measurements themselves are produced by dry and wet thermisters supported on
the tether line to the kite balloon and ventilated by the relative wind. A solid-state pressure
altimeter provides altitude information. Data are collected from these three channels and
transmitted to the ship, where they are plotted in real time for the convenience of operators
and digitally recorded.

The sensitivity of the system under real operational conditions allows both wet-bulb
and dry-bulb temperatures to be measured to within an error band of ±0.15CC. The absolute
accuracy of the radiosonde is checked before and after every kite-balloon flight by flying the
measurement package at mast height and comparing these telemetered measurements with
the shipboard measurements at mast height. Thus the calibration standard for the airborne
units is the shipboard Cambridge model 100SM air and dewpoint temperature instrument.
The altimeter is checked before and after each flight by observations of the pressure at the
mast height, which eliminates the time variations of the atmospheric pressure from the
altimeter. The operational accuracy of the altimeter is ±14 meters at the surface but decreases
with altitude. One advantage of the tethered kite balloon is that the same instrument package
is used many times and the calibrations of the devices can be checked before and after each
flight to make sure that changes have not occurred in the launch process or during the flight
itself.

Part of the problem in obtaining an evaluation of the performance of the model is to
include in the evaluation some of the nonhomogeneous characteristics of the atmosphere
that might be present during a particular test. Sometimes at sea continuously recorded
shipboard observations diverge significantly even during the time it takes to make a profile,
which is the time for the kite balloon to climb to its maximum altitude and to return to deck

12
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level. Consequently plots of all shipboard meteorological observations were made 6 hours
prior to a flight and 6 hours after landing of the apparatus to aid in determining the stability
of the shipboard observations. The first part of the test was to prepare from data for the
middle of each flight a list of shipboard observables such as would be entered into any ship
weather report. For every experimental observation of dry-bulb temperature, wet-bulb tem-
perature, and altitude the model also would estimate air temperature, relative humidity, and
vapor density at the same altitude, using as its input the list of shipboard observables. Differ-
ences between measured quantities and the estimated quantities represent information on
the accuracy of the model.

Comparisons between the model predictions and measured data have been made for
all of the flights flown during the 1977 EOMET cruise. In some cases the predicted profiles
of air temperature, relative humidity, and water-vapor density were close to those measured.
Figures 6, 7, and 8 are examples of good correlation. They were obtained from flight 51,
which took place in the Mediterranean Sea on June 4, 1978. Each point in the figures refers
to a sampling of the data transmitted continuously to the shipboard receiver and digitally
recorded every minute throughout the flight. The scatter in the kite-balloon data is partly
due to the instrumental uncertainties in both altitude and temperature.

Figure 9 is a plot of a particularly impressive and suprising prediction of a dry layer
over the Mediterranean Sea which was both measured by the boundary-layer sonde and pre-
dicted by the model. Here both the model estimates and the measurements show that a
sharply defined dry layer exists above 350 meters in altitude.
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Fig. 6 - Comparison of the air-temperature profiles obtained from flight-51
kite-balloon measurements (points) and the model estimates obtained from
shipboard observations at the time of flight 51 (line)
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